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ABSTRACT: 
Introduction: Heatstroke is an acute life threatening medical emergency. In the last 
few years, Port Sudan town experienced annual outbreaks of heat related diseases, 
with the interest of the state&fedral ministries of heath to explore this public health 
condition. The fact that world is warming and the progressing increases of extreme 
weather events are associated With increased over all mortality and hospital 
admissions during hot weather, but nothing can be done in the near future more than 
adaptation.        
Objectives: The study aimed to describe the phenomena of the repeated annual 
occurrence of heat stroke cases during the summer season at Port Sudan town during 
the years 1998-2003, In concern to the statistics of the heat stroke cases, associated 
characters, heat related mortality, changing trend of the climate, the association 
between the heat stroke cases and weather variables and the perception of the Port 
Sudan population of the heat diseases. 
Methodology: This is a multi stage descriptive study conducted at Port Sudan Town 
in the years 2002-2003. Secondary data concerning HS-cases and weather elements 
were collected from the Heath Information Center of the Red Sea MOH, Port Sudan 
hospital, the State Centre of Statistical Information and the National meteorological 
Corporation. The primary data were collected from sampled heads of the house holds 
by constructed pretested questionnaire and analyzed by spss program.            
Results: The study revealed that; heat stroke is an old health problem at Port Sudan 
Town. 698 heat stroke cases were recorded at Port Sudan Town during the study 
period. The HS fatality rate is high which is 28.8% .The disease specific deaths 
represent a considerable proportion of the hospital mortality in the summer season 
(20%). 
The general feature of heat stroke cases was similar to both classical and exertion 
forms. The overall feature of the cases was not differing from what described in the 
available literature. 
         The HS cases were significantly correlated with the unlagged maximum 
temperature of the same day. The serious vulnerability range of maximum 
temperature was 36.5°C-48.3°C, while the highest frequency of the cases was 
reported at 45°C. The real danger to get HS started at temperature 39.5°C. The highest 
proportion of heat stroke cases occurred within fortnight days only during July and 
August. Despite that few cases occur during June and September.  
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         Two mathematical models were constructed to estimate the daily expected 
number of heat stroke cases, based on the maximum temperature in addition to other 
weather elements.  The population at the town were well adapted to a temperature 
range of (20.45°C-23.45°C).While the least adapted range that of the maximum 
mortality was (37.65°C-40.65°C).The estimated annual heat related mortality was  
305 deaths/million. In general the Port Sudan people heard about the heat illnesses, 
but their detailed KAP to reduce the cases and the serious consequences of the 
diseases was unsatisfactory. 
Recommendations: More attention for the heat effects on health is needed. 
Meteorological elements should be regularly assessed, forecasted and interpreted with 
heath status. A well designed intervention to raise awareness, behavour, skills and 
reform setup is recommended to mitigate the adverse effect of heat. 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
  
  
   
 iv
 
  اﻟﻤﺴﺘﺨﻠﺺ
 ﺍﻻﻋـﻮﺍﻡ  ﻓﻲ ﺑﻮﺭﺗﺴﻮﺩﺍﻥ ﺷﻬﺪﺕ.ﻟﻠﺤﻴﺎﺓ ﺍﻟﻤﻬﺪﺩﺓ ﺍﻟﻄﺒﻴﺔ ﺍﻟﻄﻮﺍﺭﻱﺀ ﻣﻦ ﻭﺍﺣﺪﺓ ﺍﻟﺤﺮﺍﺭﺓ ﺿﺮﺑﺔ ﺗﻌﺘﺒﺮ:اﳌﻘﺪﻣﺔ
 ﻓﻲ ﻏﺒﺔﺭ ﻭﺍﻷﺗﺤﺎﺩﻳﺔ ﺍﻟﻮﻻﺋﻴﺔ ﺍﻟﺼﺤﺔ ﻭﺯﺍﺭﺗﻲ ﺃﺑﺪﺕ ﺣﻴﺚ.ﺍﻟﻤﺮﺗﺒﻄﺔﺑﺎﻟﺤﺮﺍﺭﺓ ﻭﺑﺎﺋﻴﺔﻟﻸﻣﺮﺍﺽ ﺃﺻﺎﺑﺎﺕ ﻟﻤﺎﺿﻴﺔﺍ ﺍﻟﻘﻠﻴﻠﺔ
 ﺍﻟﻤﻨﺎﺧﻴـﺔ  ﺍﻟﻈـﻮﺍﻫﺮ  ﻭﺗﺰﺍﻳﺪ, ﺍﻟﻌﺎﻟﻢ ﺇﺣﺘﺮﺍﺭ ﺣﻘﻴﻘﺔ ﺍﻹﻋﺘﺒﺎﺭ ﻓﻲ ﺍﻷﺧﺬ ﻣﻊ.ﺍﻟﻌﺎﻣﺔ ﺍﻟﺼﺤﻴﺔ ﺍﻹﺷﻜﺎﻟﻴﺔ ﻫﺬﻩ ﺃﻏﻮﺍﺭ ﺳﺒﺮ
 ﺍﻟﻤﺴﺘﻘﺒﻞ ﻟﻜﻦ ﻳﺒﻘﻰ ﻓﻲ.ﺍﻟﺤﺮﺍﺭﺓ ﻣﻮﺟﺎﺕ ﻓﺘﺮﺍﺕ ﻝﺧﻼ ﺍﻟﻤﺴﺘﺸﻔﻴﺎﺕ ﻭﺩﺧﻮﻻﺕ ﺍﻟﻮﻓﻴﺎﺕ ﺈﺭﺗﻔﺎﻉﺇﺭﺗﺒﺎﻃﻬﺎ ﺑﻭ ﺍﻟﻤﺘﻄﺮﻓﺔ
  .    ﺍﻟﺘﺄﻗﻠﻢ ﻫﻮ ﻓﻌﻠﻪ ﻳﻤﻜﻦ ﻣﺎ ﻛﻞ ﺮﻳﺐﺍﻟﻘ
 ﻓﺼـﻞ  ﺧﻼﻝ ﺍﻟﺸﻤﺲ ﺑﻀﺮﺑﺎﺕ ﻟﻺﺻﺎﺑﺔ ﺳﻨﻮﻳﺎ ﺍﻟﻤﺘﻜﺮﺭﺓ ﺍﻟﻈﺎﻫﺮﺓ ﻟﻮﺻﻒ ﺍﻟﺪﺭﺍﺳﻪ ﻫﺪﻓﺖ :اﻻهﺪاف
 ﺿـﺮﺑﺎﺕ  ﺇﺻـﺎﺑﺎﺕ  ﻭﻣﻴـﺰﺍﺕ  ﺍﻹﺣﺼـﺎﺋﻲ  ﺍﻟﺘﻔﺼﻴﻞ ﺧﻼﻝ ﻣﻦ ﻭﺫﻟﻚ ,ﺑﻮﺭﺗﺴﻮﺩﺍﻥ ﻣﺪﻳﻨﺔ ﻓﻲ, ﺍﻟﺼﻴﻒ
 ﺣـﺮﺍﺭﺓ  ﻟﺪﺭﺟﺎﺕ ﺍﻟﻌﺎﻡ ﺍﻟﻨﻤﻂ,  ﺍﻟﺤﺮﺍﺭﺓ ﺑﺪﺭﺟﺎﺕ ﺍﻟﻮﻓﻴﺎﺕ ﻋﻼﻗﺔ, 3002ﺣﺘﻲ 8991 ﻟﻠﻔﺘﺮﻩ ﺍﻟﺸﻤﺲ
 .ﺍﻟﺤﺮﺍﺭﺓ ﻷﻣﺮﺍﺽ ﺑﻮﺭﺗﺴﻮﺩﺍﻥ ﻣﺪﻳﻨﺔ ﻣﻮﺍﻃﻨﻲ ﺇﺩﺭﺍﻙ ﺛﻢ ﺎﻟﻤﻨﺎﺥﻭﻣﺘﻐﻴﺮﺍﺗ,
 ﺍﻟﻌـﺎﻣﻴﻴﻦ  ﻓـﻲ  ﺑﻮﺭﺗﺴﻮﺩﺍﻥ ﻣﺪﻳﻨﺔ ﻓﻲ ﺃﹸﺟﺮﻳﺖ ﺍﻟﻤﺮﺍﺣﻞ ﻣﺘﻌﺪﺩﺓ ﻭﺻﻔﻴﻪ ﺩﺭﺍﺳﻪ ﻫﺬﻩ:ﳌﻨﻬﺠﻴﺔا
 ﻣﺴﺘﺸـﻔﻰ , ﺍﻟﻮﻻﺋﻴﺔ ﺍﻟﺼﺤﺔ ﺑﻮﺯﺍﺭﺓ ﺍﻟﺼﺤﻴﺔ ﺍﻟﻤﻌﻠﻮﻣﺎﺕ ﻣﺮﻛﺰ ﻣﻦ ﺛﺎﻧﻮﻳﺔ ﺑﻴﺎﻧﺎﺕ ﺟﻤﻌﺖ.3002-2002
 ﺍﻟﺠﻮﻱ ﻟﻼﺭﺻﺎﺩ ﺍﻟﻌﺎﻣﺔ ﺍﻟﻬﻴﺌﺔ ﺍﻻﺣﻤﺮﻭﻣﻦ ﺍﻟﺒﺤﺮ ﺑﻮﻻﻳﺔ ﺍﻹﺣﺼﺎﺋﻴﺔ ﺍﻟﻤﻌﻠﻮﻣﺎﺕ ﻣﺮﻛﺰ,ﺑﻮﺭﺗﺴﻮﺩﺍﻥ ﻣﺪﻳﻨﺔ
 ﻣﺼـﻤﻢ  ﺇﺳـﺘﺒﻴﺎﻥ  ﺑﺈﺳـﺘﺨﺪﺍﻡ  ﺃﺭﺑﺎﺏ ﺍﻷﺳـﺮ  ﻣﻦ ﻣﺨﺘﺎﺭﻩ ﻋﻴﻨﺔ ﻣﻦ ﺍﻭﻟﻴﺔ ﺑﻴﺎﻧﺎﺕ ﺟﻤﻌﺖ ﻟﺬﻟﻚ ﺃﺿﻒ.
 .ﻭﻣﺨﺘﺒﺮ
 ﺳـﺠﻠﺖ . ﺑﻮﺭﺗﺴﻮﺩﺍﻥ ﻣﺪﻳﻨﺔ ﻓﻲ ﻗﺪﻳﻤﺔ ﺻﺤﻴﺔ ﻣﺸﻜﻠﺔ ﺍﻟﺸﻤﺲ ﺿﺮﺑﺎﺕ ﺃﻥ ﺍﻟﺪﺭﺍﺳﺔ ﺃﺑﺎﻧﺖ:ﺞـﺎﺋـﺍﻟﻨﺘ
 ﻭﻓﻴـﺎﺕ  ﻣﺜﻠـﺖ . ﺍﻟﺤـﺎﻻﺕ  ﻣـﻦ   8.82ﻧﺴﺒﺔ  ﺑﻠﻎ ﻋﺎﻟﻲ ﺇﻣﺎﺗﺔ ﺑﻤﻌﺪﻝ ﺇﺻﺎﺑﺔ 986ﺍﻟﺪﺭﺍﺳﺔ ﺍﻋﻮﺍﻡ ﺧﻼﻝ
 ﻧﻤـﻂ %(. 02) ﺍﻟﺼـﻴﻒ  ﻓﺼـﻞ  ﻓـﻲ  ﺍﻟﻤﺴﺘﺸـﻔﻲ  ﻭﻓﻴـﺎﺕ  ﺟﻤﻠﺔ ﻣﻦ ﻣﻘﺪﺭﺓ ﻧﺴﺒﺔ ﺍﻟﺸﻤﺲ ﺿﺮﺑﺎﺕ
 ﻋـﻦ  ﻛﺜﻴـﺮﺍ  ﻳﺨﺘﻠﻒ ﻻ ﺻﺎﺑﺎﺕﻟﻺ ﺍﻟﻌﺎﻡ ﺍﻟﺸﻜﻞ. ﺍﻟﻜﻼﺳﻴﻜﻲ ﺍﻹﺟﻬﺎﺩﻱ ﺍﻟﻤﺮﺽ ﻧﻤﻄﻲ ﻳﻤﺎﺛﻞ ﺍﻹﺻﺎﺑﺎﺕ
 .ﺍﻟﻤﺘﺤﺼﻠﺔ ﺍﻻﺩﺑﻴﺎﺕ ﻓﻲ ﻣﻮﺟﻮﺩ ﻫﻮ ﻣﺎ
 ﻓﻲ ﺍﻹﺻﺎﺑﺔ ﺗﺴﺠﻴﻞ ﻳﻮﻡ ﻟﺬﺍﺕ ﺍﻟﻘﺼﻮﻱ ﺍﻟﺤﺮﺍﺭﺓ ﺑﺪﺭﺟﺎﺕ ﺇﺻﺎﺑﺎﺕ ﺿﺮﺑﺔ ﺍﻟﺸﻤﺲ ﺗﺮﺗﺒﻂ         
 ﺍﻟﻘﺼـﻮﻯ  ﺍﻟﺤـﺮﺍﺭﺓ  ﺩﺭﺟـﺔ  ﻋﻨـﺪ  ﺍﻹﺻﺎﺑﺔ ﺗﻜﺮﺍﺭ ﻗﻤﺔ ﻭﺗﺒﻠﻎ. ﺳﻲ°3.84-ﺳﻲ°5.63 ﻳﻤﺘﺪ ﺑﻴﻦ ﻣﺪﻱ
ﻟﺒﺪاﻳـﺔ اﳋﻄـﺮ  ﺍﻷﺩﻧـﻲ  ﺍﻟﺤـﺪ  ﻫـﻲ  ﺳﻲ°5.93 ﺍﻟﺤﺮﺍﺭﺓ ﺩﺭﺟﺔ ﺗﻌﺘﺒﺮ ﺣﻴﻦ ﻓﻲ. ﺳﻲ°54
 ﺑﺼـﻮﺭﺓ  ﺍﻷﺻـﺎﺑﺎﺕ  ﺗﺴـﺠﻴﻞ  ﻋﻨـﺪﻫﺎ  ﻳﺒﺪﺃ ﺍﻟﺘﻲو اﳊﻘﻴﻘﻲ ﻹﺣﺘﻤﺎﻻﻹﺻﺎﺑﺔﺑﻀﺮﺑﺔاﻟﺸﻤﺲ
 ﺍﻹﺳـﺒﻮﻋﻴﻴﻦ  ﻳﺘﻌـﺪﻱ  ﻻ ﺍﻻﻳﺎﻡ ﻣﻦ ﻣﺪﻱ ﻓﻲ ﺗﺴﺠﻞ ﻓﻲ ﻛﻞ ﻋﺎﻡ ﺍﻹﺻﺎﺑﺎﺕ ﻣﻦ ﺍﻟﻜﺒﺮﻱ ﺍﻟﻨﺴﺒﺔ. ﺟﻠﻴﺔ
 ﻣـﻦ  ﻛـﻞ  ﻓـﻲ  ﻣﺘﻔﺮﻗـﺔ  ﻗﻠﻴﻠﺔ ﺇﺻﺎﺑﺎﺕ ﺗﻮﺟﺪ ﺫﻟﻚ ﻋﻦ ﺭﻏﻤﺎﹰ, ﻓﻘﻂ ﻭﺃﻏﺴﻄﺲ ﻳﻮﻟﻴﻮ ﺷﻬﺮﻱ ﺧﻼﻝ
 ﻟﺘﻘﺪﻳﺮ ﻭﺫﻟﻚ ﺍﻹﺣﺼﺎﺋﻴﺔ  ﻟﻠﻌﻼﻗﺎﺕ ﺭﻳﺎﺿﻴﻴﻦ ﻧﻤﻮﺫﺟﻴﻦ ﺍﻟﻰ ﺍﻟﺪﺭﺍﺳﺔ ﺧﻠﺼﺖ.ﺳﺒﺘﻤﺒﺮ ﻭ ﻳﻮﻧﻴﻮ ﺷﻬﺮﻱ
 .ﺍﻷﺧﺮﻱ ﺍﻟﻄﻘﺲ ﻟﻌﻮﺍﻣﻞ ﺑﺎﻷﺿﺎﻓﺔ ﺍﻟﻘﺼﻮﻱ ﺍﻟﺤﺮﺍﺭﺓ ﺩﺭﺟﺎﺕ ﻣﻌﺪﻻﺕ ﻣﻦ ﺍﻟﻴﻮﻣﻴﺔ ﺍﻹﺻﺎﺑﺎﺕ ﻋﺪﺩ
-ﺳـﻲ °54.02)  ﺍﻟﺤـﺮﺍﺭﻱ  ﺍﻟﻤـﺪﻱ  ﻓـﻲ  ﺑﻮﺭﺗﺴـﻮﺩﺍﻥ  ﻣﺪﻳﻨـﺔ  ﻣﺠﺘﻤـﻊ  ﺗـﺄﻗﻠﻢ  ﺍﻟﺪﺭﺍﺳﻪ ﺃﻇﻬﺮﺕ
 (.ﺳﻲ56.04°-ﺳﻲ°56.73)ﻣﺎﺃﻗﻞ ﺗﺄﻗﻠﻢ ﻟﻠﺴﻜﺎﻥ ﻓﻘﺪ ﻛﺎﻥ ﺍﻟﻤﺪﻯ ﺍﻟﺤﺮﺍﺭﻱﺃ(. ﺳﻲ°54.32
ﺧﻼﻝ ﺃﻳﺎﻡ  ﺍﻟﺤﺮﺍﺭﺓ ﺩﺭﺟﺎﺕ ﻹﺭﺗﻔﺎﻉ ﻧﺘﻴﺠﺔ ﺎﻟﻤﺪﻳﻨﺔﺑ ﺍﻟﺴﻨﻮﻳﺔ ﻓﻴﺎﺕﺍﻟﻮ ﺍﻟﺪﺭﺍﺳﺔ ﻗﺪﺭﺕ           
 .ﺳﻨﻮﻳﺎ(ﺍﻟﺴﻜﺎﻥ ﻣﻦ ﻣﻠﻴﻮﻥ/ﻭﻓﺎﺓ 503) ﺑﻠﻐﺖ ﻭﺍﻟﺘﻲ ﺍﻟﺘﺄﻗﻠﻢ ﻣﻌﺪﻝ ﻋﻦ ﺍﻟﻌﺎﻡ
 ﻭﻟﻜـﻦ , ﺍﻷﺧـﺮﻯ  ﺍﻟﺤـﺮﺍﺭﺓ  ﻭﺃﻣـﺮﺍﺽ  ﺍﻟﺸﻤﺲ ﺿﺮﺑﺎﺕ ﺑﻤﺮﺽ ﺍﻟﻤﺪﻳﻨﺔ ﺳﻜﺎﻥ ﺳﻤﻊ ﺍﻟﺪﺭﺍﺳﺔ ﺃﺑﺎﻧﺖ
 .ﻟﻠﻤﺮﺽ ﺍﻟﺨﻄﺮﺓ ﺍﻵﺛﺎﺭ ﻭ ﺍﻹﺻﺎﺑﺎﺕ ﻟﺘﻘﻠﻴﻞ ﺍﻟﻤﻄﻠﻮﺑﺔ ﺍﻟﺘﺠﺎﻫﺎﺕ ﻭﺍﻟﺴﻠﻮﻙ,ﺍﻟﺘﻔﺼﻴﻠﻴﺔ ﺍﻟﻤﻌﺮﻓﺔ ﺗﻨﺨﻔﺾ
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1.  INTRODUCTION AND LITERATURE REVIEW 
1-1.INTRODUCTION: 
             It is clear that heat is already an important killer in many parts of the 
world.  The hot weather may be uncomfortable, but for many it can be a 
killer. In fact it does not take long either to boil an egg or to cook neurons (1). 
            Despite the wide variation in the ambient temperature, human and 
other mammals can maintain the core temperature within a very narrow 
constant optimum physiological-set-point-range. This is achieved by 
balancing between production and gain of heat with heat loss.  This 
thermoregulatory is not a single organ system, but in fact it is a multi organ 
and physiological systems responsibility. 
           The disturbance of the thermoregulation can be caused by excessive 
exposure to hot environment at home, in occupation place, cars or by direct 
exposure to hot sun.  The muscular work under such condition increases 
metabolic heat production.  This results in a heat stress beyond the capacity 
of heat losing mechanism and hence leading to heat strain. This heat load 
causes a variety of heat imbalance syndromes. WHO classified fourteen heat 
illness syndromes. Most of them are mild, but the most serious one is heat 
stroke.  What is interesting any of these mild syndromes is a clue of the 
susceptibility of the individual to develop the serious syndrome (5, 47, 51, and 56). 
           Heat stroke is an acute life threatening medical emergency.  It is 
actually the third leading cause of death among American athletes.  It is a 
model of thermal injury to human.  The insult may be environmental or 
endogenous.  It is an ancient disease seen in all age groups and in different 
parts of the world sporadically or in outbreak during heat waves. In certain 
industries, it is suffered by laborers, soldiers, joggers, marathon runners and 
pilgrims in Saudi Arabia.  It can occur at any age but is more common in 
susceptible persons.  Many studies were conducted in USA, China and Saudi 
Arabia, which revealed that the heat stroke is associated with high morbidity 
and mortality and they found that age extremities, individual physics, health 
status and muscular activities are crucial factors which determine the persons 
at high risk. 
                   What interesting is that the overall mortalities and hospital 
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admissions from all causes increase during high summer temperature 
especially among high risk population particularly urban dwellers. In USA 
heat is number one weather killer (2). 
                  Not only this, but the studies found that the socio economic and 
cultural status of the people are sharing with other factors.  Hence the health 
impact of heat depends on multiple factors, and to contain its effect we need 
to explore and weigh all these factors. There is fact that our world is warming 
and its weather becoming of more extreme climatic events, and the prediction 
of an increase of the global surface temperature up to3°C by the year 2030.  
This fast rate of warming has no extra-terrestrial explanation than green 
house phenomenon. 
                 For the near future nothing can be done more than adaptation with 
warming and climatic change.  By adaptation means try to contain its impact 
on health and try to minimize its effect.  A trial is developing in USA and 
other European and Chinese cities with collaboration of multi-partners 
(WHO, WMO, UNEP, US, EPA and University of Delaware).  That is heat 
and health watch warning systems for large cities that believed to be 
vulnerable throughout the world which involve multi-sectoral approaches and 
involvement of the community and health agencies taking into consideration 
the cultural structure and variety of different population.  
                Although Port Sudan town was established with the harbour in 
1909, and is a known hot town during the summer with reported sporadically 
cases of heat stroke mortality since 1918 but since the year 1998 the health 
authorities started to declare the problem of heat stroke annually as an 
outbreak with an interest expressed by Department of Epidemiology FMOH. 
The first heat stroke workshop was held in 2002 in Port Sudan town in Red 
Sea State. More research was recommended to explore the problem and to 
establish a centre which will conduct research and manage heat stroke cases. 
                Port Sudan Town is the main harbor of Sudan and the capital of 
Red Sea State. More than 30% of the state population settles in this town. Its 
climate represents the other harbor towns that developing or will develop 
later. So, the understanding of this dilemma in Port Sudan Town, and 
designing measures to minimize the adverse effects of heat on health can be 
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applied in all the harbor towns. 
1-2. LITERATURE REVIEW: 
Heat physics and physiology of man: 
Heat physics: 
          Heat is one form of the energy, and according to the kinetic theory of mater, it 
is a result of continuous motion and vibration of atoms and molecules that constitute 
the mater. It follows the simple thermodynamic principle of conservation of energy at 
any point of time, where the 1st law of thermodynamic stated that: energy can neither 
be created nor destroyed, but can be transferred from one form to another (45, 51).  
          Heat tends to pass from place of high temperature to that of low one. It is 
classified into sensible and insensible. The sensible is transferred by conduction, 
convection and radiation, while the insensible is transferred by evaporation (19).Cold 
means absence of heat. While the coldest temperature at which all the molecules 
motion cease is known as absolute zero. That is equivalent to (-273˚C). 
         The heat is quantified by calorie.  It is the heat required to raise the temperature 
of one gram of water one degree centigrade. One kilo calorie equals thousand calories 
(38). Temperature is measured by either centigrade "Celsius" or Fahrenheit scales, the 
Celsius is preferred than the Fahrenheit. 
Source of energy on the earth: 
         The sun is almost the source of all energy that available for use on the earth (19, 
38, 43, and 47). This energy reaches earth as thermal radiations in a form of 
electromagnetic waves, which travel by the light speed, which is about "30000km/s". 
The sun radiations are either minor short waves or long waves of more than one 
micron. On the gaseous envelope of the earth the solar radiations are either reflected 
or absorbed by the H2, co2 particles. The ultraviolet is absorbed by the ozone layer. 
They reach the earth in either direct or indirect radiations. The majority of the direct 
radiations is absorbed by the earth, hence increases the temperature of the earth 
surface to radiate long thermal radiations. The majority of this long radiation is 
radiated to the space" cosmic", and part of it is reflected back from the co2 and H2o (38, 
43, 47).The other part of the direct radiation is absorbed by the water surfaces. The 
indirect radiation is the infra red radiation.  
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Physiology of Heat in Man: 
Thermal balance and normal temperature: 
         Man and other mammals (i.e. warm-blooded or homeothermamic animals), can 
be exposed to a range of temperature between 12.8˚C-54.4˚C and still maintain their 
deep body temperature within a narrow range that is 36˚C-38˚C ±0.6˚C, (51). This is 
because the enzyme systems of the body have a narrow temperature range. This 
control is achieved by reflex response that is integrated in the hypothalamus (19, 43, and 
45) .It regulates the flow of heat produced as a result of metabolic activity in muscles 
and deep tissues, to the body surface, to be dissipated through heat transfer 
mechanisms (45, 49). 
          The normal range of deep temperature at which the body is maintained varies 
from individual to another. The average oral temperature is 36.7˚C for 95% of adults, 
with standard deviation of ±0.2˚C and ranges between 36.3˚C-37.1˚C (14, 21, and 43). The 
oral temperature is normally 0.5˚C lower than the central body temperature. The body 
temperature undergoes a circadian fluctuation of 0.5˚C-0.7˚C with lowest level at 6:00 
early morning and the highest level in the evening between the hours 2.00-9.00 pm. 
Another fluctuation occurs between sleeping, awake and activities. In women there is 
another monthly cycle of temperature, characterized by rising in basal temperature at 
the time of ovulation estrus or heat period (45). Another variation is in young children. 
Their temperature is about 0.5˚C above the normal for adult, ranging between 36.5˚C 
- 37.5˚C.While the temperature is about 1˚C higher in infants than adults (37, 45). 
The magnitude of temperature difference between different parts of the body 
varies with environmental temperature. Hence the extremities are cooler than the rest 
of the body (e.g. the scrotum is carefully regulated at 32˚C).  
Emotional excitement and hyperthyroidism can raise the core temperature by 
0.5˚C, where as hypothyroidism lowers the range below normal. Lastly some normal 
adult may have chronically constitutional hyperthermia (45). 
Assessment of core body temperature: 
         The crucial method of investigation in hyperthermia illness with a quantitative 
precision is the measurement of the central temperature. Many researches found that 
the rectal temperature measurement is misleading and widely divergent with central 
temperature. For many physiological and anatomical considerations the tympanic 
measurement is inconsistent with central temperature sensor. The measurement of 
central temperature permits a precise quantitative diagnosis of severity of illness with 
   
6 
 
a clear picture of effective treatment then after (54). The methods used for measuring 
central temperature have not been changed since middle of the 18th century (53). 
        The most popular thermometer for measuring core temperature is the mercury 
based glass thermometer, although it has been declining in favor of alcohol based 
glass thermometer. In addition to that digital and infrared thermometers for the inner 
ear are becoming more popular (53). 
          The process of measurement of temperature is either invasive or noninvasive. 
The noninvasive are measured either from oral, axilla, groin fold, tympanic membrane 
or body surface. The invasive processes are measured from rectal, esophagus, 
pulmonary artery or urinary bladder (37, 54). 
Skin Temperature and Insulating Character: 
         The skin has many anatomical and physiological characters that allow it to play 
major role in temperature regulation. It is one of the largest organs of the body which 
weigh about 4kg with average surface area of 1.8 m². Since the subcutaneous fat can 
conduct only one third of what other tissues conduct, it acts as an insulator for the 
skin from the other body tissues. When there is no blood supply to the skin, both the 
skin and subcutaneous tissues are a good insulator of almost three fourth of the 
insulating property of the suit clothes. The skin is characterized by a rich blood 
supply. The interesting arteriovenous shunts play an important role in hoemothermia, 
by controlling the rate of blood flow to the skin (43). The concept of core-shell is 
useful means for evaluation of vasomotor change associated with temperature 
regulation (51). The skin temperature varies with the external ambient temperature, 
while the core one remains within its constant range (41, 42 and 43). 
 The thermal environment: 
         The thermal environment which affects the human body is the different factors 
that contribute to thermal load (51). These factors can be endogenous or exogenous. 
         The endogenous thermal load comprises the basal metabolic rate. The energy 
liberated in the body from the metabolic reactions can either appear as heat or be used 
for performing works; hence the equation will be: energy = heat + work (45, 47, 79). The 
physical exercise is an important endogenous factor; it produces 10-20 times the heat 
of the resting situation. A short burst of the maximal muscle contraction can liberate 
as much as 100 times resting amount of heat for a few seconds at a time (43). 
 Shivering is skeletal muscles tension occurs during exposure to cold that 
increases heat gain. Shivering starts at critical skin temperature of 27˚C in a nude 
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person. Fever is elevation of the body temperature by 1˚C-4˚C due to infection (41). 
During fever the thermoregulatory mechanisms behave as if they were adjusted to 
maintain body temperature at higher than normal level (45).  
The exogenous thermal load is sub classified into micro and macro exogenous 
environment. Where micro represents the direct interfering factors with the human 
body like surrounding air temperature, air movement, mean radiant temperature, 
clothing and the duration of exposure, and can be adjusted by the individual behavior. 
The macro- exogenous factors represent an overall umbrella of the thermal 
environment that difficult for individual to adjust. It is represented by meteorological 
factors, general residency characters like urban setting, features of housing, building 
and asphalt roads. 
Thermal exchange with micro- environment: 
Air temperature &convection: 
         The gradient between the skin and air temperature determines the direction of 
the heat flow to or from the air by means of convection. 
         The convection is defined as the transfer of heat to (or from) air and fluid in 
direct contact with the skin. The heat transfer is influenced by air and fluid movement. 
The body heat induces the air movement to establish the natural convection around 
the body. On the other hand the forced convection exceed the influence of the natural 
one and it is directly proportional to the temperature gradient between skin and air and 
the squire root of air speed(51). 
Conduction: 
         It is the exchange between substances at different temperature in contact with 
one another. The direction of heat transfer depends upon the temperature gradient 
between the body and the object (s) in contact with. The exchange of temperature by 
conduction is very small, except when there is a high temperature difference, and a 
large skin contact surface. The effect of conduction can be increased by using 
electronic blanket, cooling bed and jackets that used in management of heat stroke (42, 
45). 
         The exchange of heat by conduction and convection represent about 10-15% of 
the heat exchange of the body. These methods of the heat loss or gain can be greatly 
increased by air or fluid movement or the opposite, i.e. the movement of the object in 
the medium, like the use of the fan, (When the ambient temperature reached a point 
near core temperature 35˚C -36˚C, the effect of conduction and convection by fanning 
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will be reversed to heat gain. In this situation heat loss will be only by evaporation) 
(42, 45). 
Radiation: 
         It is the transfer of heat by infrared electromagnetic radiation through the space 
from one object to another of different temperature. It is wave length ranges between 
5-20u. At comfortable room temperature the radiant heat loss represents about 60% of 
heat loss (42. It is refer to it as means radiant temperature (MRT). The radiant 
temperature neither affected by air movement nor by humidity. The mean radiant 
temperature can be estimated either from normogram or by use of specific equations. 
The direct sun short radiation is about 13 times greater than resting one 
(60w/m2); it is rather equal 800w/m2. It reaches total of 2200 w/m2 with shining 
reflecting colors of the surrounding. Short waves increase with black color and 
decrease with white, while long waves don’t depend on colors. Black skin absorbs 
20% more than white (10). 
Clothes: 
         The choice of suitable clothes is of direct relevance to the thermal balance, 
because clothes influence heat exchange (51). The material of the clothes, their 
thickness and their color are all determined by the climate (43). Clothes entraps air next 
to the skin and in the weave of the clothes, so increase the thickness of private zone of 
air adjacent to the skin and hence decrease flow of convection current and decrease 
the rate of conduction and convection of heat transfer (43).The ordinarily and the worm 
suit decrease the rate of heat exchange (loss) to about half of nude man and the arctic-
type clothes to as little as one sixth (43). In hot climates the distinction should be made 
between exposure to hot dry and hot humid environment, while selecting the 
appropriate type of the clothes.  
The radiation and convection of heat is minimal across clothes fabrics, so the 
sensible heat escapes across fabrics by conduction through air spaces and along fibers 
.The half of the heat transmitted to the clothes by radiation rather than conduction. 
The characteristic of the clothes material in hot humid environment may impair the 
evaporation and affect both convection and radiation process. The wetting of the 
clothing by water will increase the rate of transmission of heat through clothes to 
about 12 fold dry ones (43, 51). 
         The insensible heat transfer takes place by evaporation of water through the 
fabrics. Moreover the evaporation from the surface of the fabric, which aided by air 
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movement will enhance heat loss from the body. So the permeability of the worn 
clothes is of paramount importance to facilitate heat loss. The blow effect produced 
by wind pressure and body movement i.e. direct sweat evaporation take place through 
the stream of air expelled from the body.  
In tropical environment cotton clothes are more suitable than woolen and 
industrial thread (nylon and polyester textile). Light cotton clothes allow air to pass 
through when it is made into loosely fitting garment. It allow air movement between 
skin and outside by convection current. Sweat can evaporate from skin directly 
instead of wetting the clothes and thereafter evaporate from the clothes.  
The white clothes are most suitable for hot environment. Fit garment is more 
important determinant factor in heat dissipation than color. In loose fit no differences 
between colors. The color becomes an important factor when clothes fit tightly 
against skin .Loose fit allows convection heat loss and assist evaporation from skin. 
The loosely fitting white garments made of light cotton materials are a remarkable 
example of cultural adaptation. Concerning the workers in direct solar radiation, the 
use of head gear will provide protection against solar radiation (10, 27, 42, and 51). 
Housing and heat illness: 
         Many observations showed that the people who reside in the following houses 
will be at higher risk for heat stresses: 
1. A house without air conditioning. 
2. Situation where no trees or shrubby surrounding the building. 
4. The residence in upper floors in tall non air conditioned building (52). 
Autonomic response to heat stress: 
         Our bodies dissipate heat by varying the rate and depth of blood circulation, 
losing water through skin and sweat glands and as the last resort, by panting when 
blood is heated above 98.6˚F (81). 
1. Regulation of blood flow: 
         The first response of the autonomic nervous system to body heat stress (it start 
at the same temperature of the set point) is the regulation of the blood flow in the skin 
by adjusting sympathetic vasomotor tone to skin blood vessels. The increase in skin 
temperature and vasodilatation is an initial response to hot conditions that brought 
through regulation centre in brain and spinal cord, and by direct effect of heat on the 
skin blood vessels, that lead to opening of arteriovenous anastemosis and the 
reduction in splancinic blood flow, that lead to reduction in renal and hepatic blood 
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flow leading to oligurea, reduction in hepatic and metabolic clearance (49). In 
extremely hot environment the blood follow to the skin reached up to 
3liters/min/100g, which is about 60% of cardiac output. The reverse happen in 
extremely cold environment, hence the blood flow to skin drop to 2ml/min/100g, 
where as at comfortable temperature 23˚C-30˚C the skin blood flow is about 
20ml/min/100g, which equal to 4% of cardiac output. In response to high heat load 
cardiovascular strain increases with high demand for high cardiac output to transfer 
heat and water to vasodilator vascular bed in skin, leading to dehydration, and marked 
reduction in circulatory blood volume and stroke volume with high heart rate (49).This 
regulated in spinal cord, where as brain responds to heat content of the tissues (49). 
2. Sweating and evaporation: 
         Sweating is a vital mechanism to heat loss when the environment is extremely 
hot, i.e. above 32.5˚C (50). When the skin temperature approaches 30˚C-32˚C over the 
whole body surface the body temperature stabilized by sweating which become 
profuse at 35˚C. When the body producing a large amount of heat reflex sweating was 
stimulated and the sweat glands start to secrete on the skin surface. Also increase of 
core body temperature by a fraction of 1˚C, results in stimulation of sweating (41, 49). 
The failure of sweating under stress conditions leads to rise of body temperature (45). 
         Sweating is an active secretary process. The number of functioning gland varies 
with degree of climatic situation, the type of exertion and hard work that the person 
performs. Also it is possible to produce reflex sweating by stimulating of heat 
receptors in the skin through a center in spinal cord. At high stimulation the 
concentration of NaCl in the sweat will be maximum, while k+ 1 is two times plasma, 
lactic acid is four times and urea twice.  . During muscular exercise sweat can reach to 
1600ml/hr (45).About 10 liter of hypotonic fluid in a day may be lost by profuse 
sweating, that lead to serious dehydration when water supply is scarce (49). 
         Worker performing hard physical work may loose up to 5 liter of sweat per 4hrs 
and Na+Cl- loss vary between 0.5-0.75 g/kg body weight depending on dietary habits, 
estimated to be 1-39g/litre sweat (49).This loss of sweat will affect the effective work 
performance in hot environment (19, 51). 
Inevitable water loss: 
         About 500-600ml of water is lost every day through skin and lungs with 
respiration and mucous membrane. During comfortable temperature it account for 
30% of heat loss which is almost constant, it means that at all times a certain amount 
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of water is vaporized, which is about 50ml/hr (45). This is known as insensible 
perspiration. 
Evaporation: 
         The rate of evaporation from skin surface depends on the water vapor pressure 
between sweat and surrounding (19, 51). The evaporation of 1ml of water from skin or 
lung result in loss of 0.58 kcl/of heat i.e. 670 watts of heat will be dissipated with each 
liter evaporated. The estimated evaporative heat loss ranged between 30-900 kcl/day. 
The degree of sweat evaporation depends upon the humidity of the environment (45, 46). 
In saturated air humidity the evaporation will be reduced to rather zero (81). The 
hypovolaemia lead to hyper osmolarity, hence reduction in cutaneous blood flow and 
evaporation.  Wetness of clothes enhances evaporation. 
Heat production: 
         Heat is the end product of almost all energy released in the body by metabolism. 
The body can't get use of the heat energy; hence excess heat should be dissipated. 
About 35% of the energy of the food become heat during ATP formation, (every 2 
high energy bond vested 12.000 calories), and only 27% of all energy from food is 
finally used by the functional system of the body. Even this 27% eventually becomes 
heat energy, i.e. all the energy expenditure of the body eventually converted into heat. 
95% of energy expended in the body is derived from reaction of oxygen with the 
different types of foods, i.e. about one gram of fat oxidized will produce 9.3 kcal the 
protein will produce 4.1kcal/L and the carbohydrate will produce less than that. 
Basal  metabolic rate: 
         During complete rest the average human body generate 1kcal/kg/hr .It varies 
according to age, body mass and sex (53kcal/hr/m² for female and 60 kcal/hr/m² for 
male).This heat if is not dissipated it will raise the body temperature by 1˚C every 
hour. 
         The Factors affecting the rate of metabolism are: Exercise; In strenuous exercise 
a well trained athlete can increase the normal metabolic rate 20 time normal for a 
minute and 50 times for fewer seconds which is about 2000% of the normal resting 
level. The daily requirement of energy for activities: Man need about 1850 kcal for 
the basic activities and need about 2000-2250 kcal/day for other activities. Walking 
up stair needs about 1.7 times lying on bed asleep. While the laborer can achieve a 
maximum rate of utilization of as great as 6000-7000 kcal/day, i.e. 3.5 time basal rate. 
Special dynamic act of protein is equivalent to 30% of normal. Age: in child, it is 
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twice that of adult. Thyroid hormones: can raise it up to 50-100%.  Male sex and 
growth hormones affect BMR. Sympathetic stimulation: (non shivering thermo 
genesis): can increase the MR in children up to 100% and increase after cold 
adaptation, due to sympathetic stimulation. Fever: regardless of its causes, it increases 
the metabolic rate by 120% for every 10˚C rise temperature; it is about 10% or more. 
Climate: MR in people in tropical region is lower than those in arctic ones. Sleep: the 
MR fall 10-15% below normal during sleep. Malnutrition: It decreases by 20-30, in 
prolonged malnutrition. Pre-mortem: MR decrease in final stage of many diseases. 
         The body must loose heat all the time, especially when the metabolic rate is 
high. 
Temperature regulation and thermal balance: 
Thermal balance: 
         Heat balance is maintained despite considerable heat load imposed by heat stress 
from environment and physical work. The human body is considered thermally at 
equilibrium and body temperature is maintained at regulated level when heat lost is 
equal heat gain. The centre of temperature regulation is situated in the hypothalamus. 
It comprises two distinct sub centre one for heat conservation and the other for heat 
dissipation (51). Temperature homeostasis allows body temperature normally about 
±0.3˚C diurnal change at rest in neutral environment and to ±2.0˚C in more ambient 
extreme and physical activity (49). The pattern of this thermoregulatory involves 
autonomic response, heat product vasomotor response, sweating in addition to 
evaporative heat loss and behavioral responses (51). 
         The thermal balance in human body is achieved by the total thermoregulatory 
response in such away as to minimize the autonomic response through behavior 
activity (51), this balance between heat gain, production and loss determine the core 
temperature. The heat balance equation is based on the simple thermodynamic 
principle of conservation of energy at any point of time. 
         Rate of input - rate of output = rate of accumulation. Considering the human 
body the equation involves all factors affecting human heat will be: (51) 
         RS + M + R + C = R + C + S + E + W 
Where RS = diffuse and direct solar radiation, M = heat production, R = radiation, C= 
convection, conduction; E=insensible perspiration, w= work, S = storage. 
Putting the heat storage as the issue of the law, the equation will be: 
         dM/dt ± dK/dt ± dC/dt ± dR/dt ± dE/dt = dS/dt 
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Where d/dt, means time rate for heat, m = production, k = gain or loss by conduction, 
c = gain or loss by convection, r = gain or loss by radiation, E = loss by evaporation 
and s = heat storage, all in Wm-². And since the heat exchange under normal 
condition, is negligible quantity and assume to be zero. The rate equation can simply 
be written as: 
                   M ± C ± R – E = S Belding and Hatch 1955 (51). 
         At steady state, when thermal balance is achieved at different strain and 
discomfort level, the rate of storage is equal zero (51, 49). 
         Total condition of man where his body is in thermal equilibrium ,when the 
environmental of a subject at rest is between 28˚C-30˚C, at this the heat produced by 
the body and removed to environment equal 50W/m2 and core temperature near 37˚C 
and skin temperature at about 35.5˚C. 
Diagram of regulation mechanism: 
M±W=±R±C±K-E (49). 
         The simple model of the process of the homoeothermia as described by John 
Bligh (55), involve warm sensors that locate in the pre-optic anterior hypothalamic 
region of the mid brain, medulla and spinal cord with other peripheral ones in other 
part of the body (e.g. skin and cold sensors in the skin), each of these sensors system 
connected to specific thermoregulatory effectors at the level of the hypothalamus in 
the central nervous system. Those effectors, one of them varies heat production and 
the other varies heat loss, moreover there is convergence of afferent pathway from 
peripheral sensors to those in the pre-optic ones. These 2 distinct apposing categories 
of thermoregulatory system are exerting across inhibitory influence in between them. 
The heat production and heat loss effectors involve behavioral as well as autonomic 
thermoregulatory effecter processes. Moreover the activity of those effectors reflected 
in the venous draining from the tissue involved, were as the arterial blood issuing 
from the left heart into aorta acts as a thermal feed back pathway to the temperature 
sensors (53). 
The set-point determinant: 
         A necessary condition for temperature regulation is the presence of fixed 
temperature level which is 37˚C, maintained by the body control mechanisms. The 
deviation from this temperature level is called (load error), (51), and as far as the body 
temperature is always likely to differ from the set temperature, the operation system 
will operate to minimize this deviation (51). 
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         John Bligh concluded that, concerning the nature of mammalian temperature 
regulations consist of: 
         The set point determinant is residing in the genetically fixed activity. 
Temperature characteristic of the warm and cold sensors is a sensory receptors 
threshold (55). Thus any induced activity of the brain caused by endogenous or 
exogenous disturbance, is likely to influence the set-point of the body temperature. 
Many pathological or pharmacological disturbances to central synaptic events may 
also change or disrupt temperature regulation. So the set-point is a thermo sensitive 
firing neurons in pre-optic region of the hypothalamus (53). 
Mechanism of temperature regulation: 
         The centrally located temperature-eye elicit sweating and vasodilatation in warm 
environment and during hard work. And regulate the metabolic over production of 
heat in response to cold by warm inhibition. This center is totally in control of all 
thermoregulatory mechanism in the life of men (53). 
         The shell-core concept of the thermal human body is very convenient (53), to 
verify this. Since the skin (shell) temperature, fluctuates with environmental 
temperature. The deep tissue (core), controlled within a narrow range at the 
hypothalamus center. This centre can be sub classified into, heat dissipating center 
and heat conservation center (51). 
         Ben zinger experiments in 1959, (53), revealed that: the subcutaneous 
vasodilatation in response to thermal load, start at the same fashion beginning at the 
same set-point, whereas the sweating start if the central temperature (tympanic), is 
higher enough, i.e. above the set-point, and will be zero if the core-temperature below 
the set close to 37.1˚C. Also he found that the rate of sweating was increased 
significantly with increase rate of central one, beyond the set-point, regardless of the 
skin temperature. This mechanism make it possible for heat to be transported from 
interior to the skin at the same rate, as it flow from the skin to environment, mainly by 
sweat evaporation. 
         Evaporation of sweat remains the main line of defense against the heat stress 
and second to it is the increase blood flow to the skin. (51), this need an efficient 
circulation for efficient heat dissipation. 
         Concerning the cold stress: the Benzinger experiments revealed the following: 
the skin cold receptor is the main cold receptor of the subject, with cold threshold of 
35˚C-34˚C and no contribution to feeling cold sensation from central part unit. The 
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reduction of central temperature degree to bellow 35˚C, can not elicit heat if skin is 
not stimulated. 
         In transient of over shooting response to sudden drop in skin temperature, over 
production of heat as a result of peripheral cold excitation, met by central warm 
inhibition. This inhibition becomes total when central temperature rise to beyond the 
set-point, at which the response of vasodilatation and sweating begin. This central 
warm inhibition receptor is differing from vasodilatation and sweating receptors. 
Moreover when the central temperature falls while the skin is cold the metabolic 
response gradually increased, which can reach intensity of more than four time resting 
rate of human metabolic production. He concluded that: the metabolic over 
production of heat elicited by cold receptor of skin, but its magnitude is strictly 
controlled by central warm inhibition, so the central temperature sensor (not skin heat 
sensor), regulated norm in cold as well as in worm environment. And excitation of 
skin can't elicit heat production, if the central temperature at above sweating set-point, 
but begin at temperature more than 1˚C below the sweating set-point. The metabolic 
act can be explained by antagonist action between peripheral cold excitation and 
warm inhibition (51, 53). 
Personal adjustment to prolonged thermal environment: 
         Long term exposure to hot or cold climate causes a variety of changes in thermal 
regulation functions. In essence these changes lead to more efficient maintenance of 
thermal balance under extremes of environment conditions. This adjustment may be 
genetically changed which refer to as adaptation, or physiological changes which can 
be either natural (acclimatization) or artificial (acclimation), and the individual may 
adjust to thermal extremities consciously by behavioral processes (51, 53). 
Acclimatization: 
          It is a physiological change-include hormonal and chemical mechanisms- that 
reduce the strain caused by stressful changes in the natural climate (51). It occurs due 
to repeated exposure to thermal extremes; it takes between 1-2 weeks (79, 96). It is a 
gradual process, beginning with first day and continuing at a decrease rate from 8-10 
days, but complete can takes several years (76). This mechanism of acclimatization can 
easy be start to disrupted, if man being away of thermal exposure for week or even 
less. The substantial loss occurs due to discontinuity of exposure for 2 weeks or more 
(19, 51). 
 Physiological improvement for acclimatized individual involves: 
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1. The gradual increase in quantity of sweat  to up to 2-3 liter/hr. which allow 
the rate of heat loss increase to about 10 folds that of basal rate of heat production. 
Decrease the amount of salt NaCl lost in the sweat from 15-30 gram/day to 3-5 
gram/day. These due to secretion of aldestrone hormone. Also there is a small rise in 
body temperature, so less discomfortable. In addition to that there is a lower heart rate 
at rest and lower threshold for sweating and the amount of sweat required for cooling 
is decreased (50, 76). 
2. Acclimatization is mainly by sweating mechanism in dry hot areas, while in 
humid hot climate where evaporative heat loss is lower, convection becomes more 
important (50). 
          A higher skin temperature is achieved by a dramatic increase in skin blood 
flow. Under this condition an efficient cardiovascular response is the main adaptation 
mechanism which requires an increase in cardiac output, efficient skin vasodilatation 
and increased circulatory volume. This requires more fitness than acclimatization in 
hot dry conditions. During acclimatization there is a marked increase in blood volume 
for full acclimatized person, and- up to one kg loss of body weight can be tolerated 
without serious effects, but more than 1.5 kg lead to reduction in blood volume, so 
need to replenish water every 20-30 minutes. The acclimatization to cold, involves: 
1. Increase thyroid gland activity. 
2. Increase metabolism that indicated by increase sensitivity to calarigenic effect 
of catecholamine. 
3. Increase corticotrophin releasing hormones that end with increase production 
of cortisol. 
4. In animal increase their heat production through non-shivering thermogenesis, 
by increase the amount of brown fat. 
Behavior adaptation to heat: 
         The behavioral regulation of human temperature: adaptation includes housing, 
social, behavior factor and clothing (41).  Behavioral thermoregulatory responses may 
be thought of as buffer zone preventing excessive thermal exposure (). This is a 
conscious response to heat stress by: 
1. Avoidance of the heat by staying in shade. 
2. Working and moving about at slower pace. 
         The choice of appropriate clothes plays an important part in maintaining thermal 
balance. It is the conscious willful, less accurate but unlimited in its power to cope 
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with any load. The sensory sources of human thermoregulatory behavioral defense 
against cold originates from cold receptors of the skin and against overheat originates 
from central hyperthermia (53). The behavioral response aimed at reducing internal or 
external thermal load. The mode of behavioral response to thermal stress can be: 
• Using air condition at house or vehicles. 
• Moving out of sun into shade seeking shelter. 
• Avoidance exertion. 
• Donning or shedding clothes. 
         So in hot environment, the main topic is not only autonomic but the behavioral 
thermoregulation (53). 
Behavior factors in cold: 
1. Avoidance of cold surroundings. 
2. Wearing warm clothes. 
3. Consumption of hot drink and using indoor heating. 
Heat stress and heat strain: 
         Heat stress is the accumulation of heat in the body beyond normal body 
capacity. It is the excess load of heat in the body that must be dissipated, if the body is 
to remain in heat balance. This occurs either due to inefficient heat loss mechanisms 
or due to over gain and production of heat in hot environment. So all the factors that 
represented in the thermal balance can be involved. The heat load (stress), lead to 
physiological or pathological displacement that refer to as heat strain. The indicator of 
heat strain includes: subjective discomfort level, temperature sensation, skin and core 
temperature, metabolic rate, sensible sweating onset and rate and heart rate 
vasodilatation and vasoconstriction, shivering, time of recovery and thermal 
allesthesial response (51). 
Heat stress indices: 
         For the favor of the working environment and industrial hygiene, heat stress 
induces (scales), were developed to show which combination of exogenous and 
endogenous heat leads factors that provoke in man and equal thermal strain. Heat 
stress index is in principle an empirical relationship based on experimental trials on 
human, best known of which are: 
         Basic effective temperature, index physiological effect, thermal acceptance 
ratio, corrected effective temperature. Predicted 4-H sweet rate index, heat stress 
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index, web bulb globe temperature index, temperature effective limit; Index of 
thermal stress, time of recovery, comfort equation (51). 
         From many experimental studies (WHO), recommended set of environmental 
limits for physical work carried out for 8 hours a day for 5 days a week, and the upper 
air temperature for sedentary work that produce about 2.6 kcal/kg/hr, 30˚C  and the 
temperature range of 20˚C-24˚C in tropics. Concerning the worker physiology, the 
criteria recommended of the maximum core temperature of the worker not to exceed 
38˚C at any time and the maximum heat rate allowed not exceeds 110/min for 
prolonged work (27). 
         The Heat Index apparent temperature; It is the temperature the body feels when 
heat and humidity are combined. While the apparent temperature is the heat your 
body thinks it is (81). The exposure to direct sun light can increase the HI by up to 15˚F 
(81). 
Heat associated disorders: 
         Maintaining normal body as discussed previously is a complicated process, 
nearly involve all organs system (57), also every defense mechanism of human body 
has its limits beyond which it cannot restore or maintain homeostasis (53). Hence the 
heat associated disorders comprise  group of clinical conditions appears most 
frequently when there is an unusual rise in heat stress(49), like in heat waves, 
exertional physical condition, in hot environment, when new comers and un 
acclimatized are first exposed to the tropic region.  And if the combination of 
environmental and metabolic heat exceeds the capacity of the thermoregulatory 
system to dissipate heat from the body, then it will be accumulated in human body 
leading to a spectrum of heat syndromes, signifying heat illness (49).  This represents 
the break down of the ability of the physiological system to cope with heat load (10).  
These heat illnesses range from irksome to devastating ones (62) and are classified 
from etiological view into four main categories, which are: 
1. Circulatory instability: that represented by; heat syncope and heat oedema. 
2. Heat-induced skin disorders: which involves; hidromeiosis, prickly heat 
‘miliaria rubra’, and anhydrotic heat exhaustion. 
3. Water and electrolyte imbalance:  this includes; heat cramps, water depletion 
heat exhaustion, and salt depletion heat exhaustion. 
4. Hyperthermia failure of thermoregulation:  this is nominated by the heat 
stroke. 
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5. In addition to that there is another category of heat disorder which is the 
psychological effect of heat that characterized by the deterioration in 
performance and loss of efficacy like acute heat neurothermia or tropical 
fatigue, and heat neurotic syndrome(49).  
6. More over the exposure to high heat may aggravate the already underlying 
pathology, especially cardiovascular, renal, respiratory and neurological 
deficits (15, 17). 
 
WHO Classification: 
         The World Health Organization (WHO) classified the heat disorders in it is 
“tenth” revision of the international classification of diseases ICD-10 (1990) into ten 
main categories these: 
         T 67.0: Heat stroke and sun stroke “heat apoplexy, heat pyrexia, heat siriusis 
and thermoplegia”. 
         T 67.1: Heat syncope, heat collapse. 
         T 67.2: Heat cramp. 
         T 67.3: Heat exhaustion, anhydrotic “Heat prostration due to water depletion, 
exclude when associated with salt depletion. 
         T 67.4: Heat exhaustion due to salt depletion, heat prostration due to salt “and 
water” depletion. 
         T 67.5: Heat exhaustion, unspecified “heat prostration Nos”. 
         T 67.6: Heat fatigue, transient. 
         T 67.7: Heat oedema. 
         T 67.8: Other effects of heat and light. 
         T 67.9: Unspecified effect of heat and light (5, 47, 51, 56 and 69). 
Interaction between different heat illnesses: 
         The importance of the different grouping of the heat illnesses is to facilitate 
prompt diagnosis and hence the appropriate management, to safe guard against 
complication and fatality, especially for major forms of heat syndromes (47). Also even 
those that become cases of the less serious syndromes may give a clue of the liability 
to be a victim of the most serious heat disorders.  Moreover the detection and 
treatment of these less fatal syndromes, is of paramount importance in conditions of 
high temperature, hence it may be part of series of events leads to heat stroke (47). Also 
in clinical practice more than one of the entities may be present at the same time and 
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indeed in some cases one syndrome may predispose to the appearance of another (56).  
So the awareness must therefore be maintained for the debilitating effect, in 
susceptible persons, although unfortunately the health professional do not fully 
appreciate the extent and the size of the problem (47). 
The Heat Stroke: 
         It is an increase in body temperature due to failure of the thermoregulatory 
system. It is a thermal insult May be environmental, endogenous or a combination of 
them. Heat stroke is a complex clinical condition in which an elevated body 
temperature resulting from over loading or failure of the normal thermoregulatory 
mechanism due to exposure to hot environment causes tissue damage (19,47,56),  and 
hence vicious cycle of a point of no return will be reached (53). It is the least common 
but the most serious among the heat illnesses (15),  with high fatality rate varying from 
10-80%, so it is one of the most serious medical emergency and life threatening 
diseases (58,79). 
Classification of Heat Stroke: 
         Clinically there are two forms:  
1. Classical heat stroke.             2. Exertional heat stroke. 
         The classical heat stroke: mainly is a disease of elders and young children 
“infant”, most of the victims among elders had a pre-existing chronic diseases and 
under prescription of a medication and associated with intolerably hot condition, 
while the exertion one is mainly of young healthy persons generating high metabolic 
loads by physical work in the heat “hot environment”.  But a combination of the 
features of these two categories of heat stroke had reflected in the cases of the heat 
stroke that occurred during Pilgrim hajj. In Kingdom of Saudi Arabia, where the 
Pilgrimage were old adult most of them had an endemic + chronic disease and 
carrying an exertion ritual pilgrimage activities. 
Pathology of thermoregulation: 
         The hyperthermia of exercise, metabolic or of exposure to extreme heat may be 
wholly attributable to saturation of fully functioning heat loss effectors processes, 
while the abnormality in the process of heat production, heat loss or neural process by 
which they are controlled may be contributory or even dominant factors in some 
situation. 
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Etiology of heat stroke: 
• Environmental heat load. 
• High metabolic heat load. 
• Failure of thermoregulatory system due to other diseases. 
• Failure to accept heat dissipation “survival levels”. 
Path physiology of heat stroke: 
         The heat stroke and its progression to multi-organ dysfunction syndrome are due 
to a complex interplay among the acute physiological alterations associated with 
hyperthermia. Where increase of body temperature 1o C may be responsible of tissue 
damage (71). Those damages are circulatory failure (12), tissue and cellular hypoxia, 
congestion increases metabolic demand for oxygen and the direct cytotoxicity of heat 
inflammation, coagulation response of host congestion, endotoxaemia and pro-
inflammatory cytokine (49). The consequence of events leads to alteration in blood 
flow in microcirculation and result in injury to vascular endothelium tissues and deep 
intravascular coagulations (DIC) (49, 71). 
The critical thermal maximum: 
         It is the level and duration of heating that will initiate tissue injury in human 
body. Temperature of 41.6˚C–42˚C for about 45 minutes to 8 hours, and at extreme 
temperature of 49ºC–50˚C all cellular structure is destroyed (71) and the cellular 
necrosis occurs in less than five minutes (49), due to denaturation of enzymes, 
liquefaction of lipid membranes, mitochondrial damage and destabilization of 
lipoprotein (49). 
Biochemical factors in heat injury: 
         Both pyrogenic cytokines and endothelium derived factors can interfere with 
normal thermoregulation by raising set point at which sweating is activated and by 
altering vascular tone, thereby precipitating hypotension, hyperthermia and heat 
stroke (71). The thermoregulatory failure coupled with an exaggerated acute-phase 
response and possibly with altered expression of heat shock protein (71). 
Symptoms, signs and clinical pathology: 
         Heat stroke is a disease of complex clinical picture (6) ranging from short term 
faint to deep coma in the severe cases.  And since the temperature of all organs is 
elevated the pathological picture will involve all body system(15),  like generalized 
swelling, degeneration of tissue and cell structure and hemorrhage is often wide 
spread(15), and may include multi organ failure. 
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Onset of heat stroke: 
         It may start with sudden collapse (18). It is mainly acute and rapidly; but about 
(20%) started with prodromal symptoms and signs extended for minutes, hours or 
days of ill health (7, 49 and 57). 
Body temperature: 
         Suddenly, elevated to level not commonly seen in other conditions, the majority 
of the cases reported were higher than 42ºC, about 75%, fewer were reporting 
between 40ºC-41ºC and some cases were reporting less than 40ºC. In another study 
(3.5%) of the study group were (39.5ºC) (65, 4). But with sweating, evaporation and 
cooling body temperature commonly showed less than 41ºC (18). 
Skin: Mottling, flushing, hot dry, but in the exertional form may be wet (49). 
The central nervous system disorders: It presents in all cases that result from tissue 
damage like mania, apathy, and other psychotic behaviors (49).  The prominent one is 
the depressing level of the consciousness, which might proceed to delirium, stupor 
and deep coma in not less than (85%) of the reported cases.  The papillary change is 
frequent that is “pinpointed” in 69%. Brain stem, pupil, corneal and cephalo-occular 
reflexes may be lost, then shock and coma (49).  The eyes showed nystagmus and 
occulogric episodes. 
Convulsion: Due to cerebral injury (4), it is mainly grand male with normal muscle 
tone seizure in “60%” of the physically fit patient (57), also it may be just tremor, 
twitchy, ataxia, and cerebellar dysfunction. The urinary and faecal incontinence is 
common.  The cerepro spinal fluid (CSF) is normal (6). 
Cardiovascular disorders: Myocardial damage leads to sinus tachycardia and flat 
bundle branch block. The heart “pulse” rate ranging between 140-150 beat/min, it is a 
rule in heat stroke, but it is weak one (4), and shows some peripheral circulatory failure 
(57, 59). 
         The increases in metabolic activities and increase oxygen demand, hence 
circulatory excessive requirement leading to collapse, myocardial ischemia and 
conduction disturbance.  In many cases the hypotension is a common feature, and 
shock also uncommon but not universal although many shows norm tension but with 
wide pulse pressure.  The total peripheral vasodilatation decreases hence shows the 
signs of peripheral vasoconstriction in 25 %.( 15, 4) 
The ECG changes: They are T-wave conduction abnormality (72), it may be flattened 
or inverted. 
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The Respiratory System disorders: There is always acute respiratory injury(71) 
hence tachypnoea is the rule, hyperventilation “hyperpnoea leading to respiratory 
alkalosis and tetany in about “30.6%” (49), but metabolic acidosis may occur in “35%” 
of the cases especially in exertion ones. The pulmonary consolidation and edema is a 
severe final complication, and the acute abnormality in blood gases is very common 
feature.  The adult respiratory distress syndrome is a common feature (4). 
Renal disorders: The common feature is oligurea and changes in color of the urine, 
also there is a secondary myoglobin urea (6). Almost, in all heat stroke cases there is 
protein-urea with granular cast and red blood cells.  The hyperuricema, acidosis and 
pigment urea is uncommon features; while the oligurea renal failure reported by many 
researchers especially 1 in exertional form. The tomography shows bilateral renal 
hemorrhages (71). 
Hematological disorders: The haemorrhagic diathesis coagulopathy are 
common(4,15,71), that appear on the second day, where the platelets is low, leading to 
haemorrhages in all parenchymal organs “skin, gastrointestinal tract, in the form of 
Melina, bloody diarrhea, also in lung, renal and myocardial hemorrhage. Also the 
hypoprothrombinaemia, hypofibrinaemia, i.e. increases prothrombin time and 
thrombocytopenia; may lead to intravascular hemolysis (71), epistaxis, haematemesis, 
haematuria (71). 
Water and Electrolytes disorders: There is relative hypovolaemia (18), the serum 
sodium may be normal or low, normo-kalaemia and hyperglycemia, but the rushed 
rehydration may lead to increases hyponatraemia and hypokalaemia. 
Gastrointestinal disorders: Gastrointestinal hemorrhage, diarrhea that aggravated by 
cooling are common (18), while jaundice is seen, especially in exertion form (59). While 
in other observation the jaundice appeared after 3 days and in others after 18 months 
(76).  The liver function test “LFT” is abnormal in some patients and hepatic failure 
may occur (18).  The pancreas may be injured. 
Musculoskeletal disorder: It is common in the heat stroke cases that associated with 
physical exercise or that complicated by generalized seizures activity.  The necrosis of 
muscle leads to myoglobinuria and elevated enzymes “CPK”, SGOT, LDH” while the 
rhabidomyolysis is diagnostic in classical heat stroke (6). 
                                                 
1  
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The complications of heat stroke: 
         It is a life threatening illness with high fatality rate(69), severe cases died quickly 
due to CNS damage(15)before multiple system disruption become evident, the death 
occur if not cooled.  Even death can occur after six weeks (6, 71). The persistence 
disturbance of consciousness is a sign of bad prognosis. Some cases re-comatosed 
after orientation and their body temperature started to rise again after days. (6) 
         Those who survive may sustain permanent neurological damage like 
hemiplegia, aphasia and emotional instability (57). 
         The metabolic derangement is common (49), rhabdomylosis, also the renal 
function compromised, by acute tubular necrosis and haemofiltration leading to 
nephrogenic diabetes insipidus, acute renal failure, and anemia of chronic disease. 
Multi-resistance-Enterobacter species, Respiratory distress syndrome, liver failure and 
disseminated intravascular coagulation were known complications. 
Heat stroke fatality rate: 
         The heat stroke fatality rate varied between different studies and affected by the 
well prepared health programs and services and the duration of the effect before 
starting cooling “medical management” in addition to the vulnerability of the affected 
victims. In general the fatality varies between 10% - 80 %( 18, 62). In Saudi Arabia the 
fatality ranged between 5%-18% with overall fatality of 10.5% in average case of heat 
stroke treatment centers (18, 57). But other reported in 1980 the fatality was 9.5% in 
Mina 5% in Arafat centers (59), in Mekka was 16% and 14% in the year 1981 after 
introduction of cooling system (15). But before the introduction of the cooling system it 
was more than 50%. Moreover, the death among those not responding to cooling is 
highly significant (15). 
         Fatality Increases if cooling is delayed (49). The death from heat stroke may be 
under reported because it is similar to other more familiar causes of death particularly 
coronary and cerebral thrombosis (69). 
The laboratory findings: 
The laboratory findings might include: 
• Leucocytosis, thrombocytopenia, increase prothrombin (4) time and cephalin 
time 
(40). 
• There is a change in plasma concentration of micronutrient as following; NaCl 
decreases, hypokalaemia observed, hypercalcaemia, hypophosphatemia. 
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• Arterial CO2 tension less than 20 mmHg (71) and increases lactase (6). It shows 
respiratory alkalosis in classical and metabolic acidosis in exertional heat 
stroke. There might be haemoconcentration and hyperproteinaemia(71).There is 
thermal stress endocrine relationship with blood glucose increases with rare 
cases of hypoglycaemia(15). 
• Serum enzyme changes are of diagnostic and prognostic significance, the 
common feature are serum glutamic oxaloacetic transaminase, glutamic 
pyretic transaminase, lactic dehydrogenase creatine phosphokinase are usually 
elevated within 24 hours and continue elevated for 2 days and remain for 12-
14 days. The uric acid, albumin, thiamine are decreased. The urea rises in 
severe renal involvement and nitrogen is evident in many fatal cases (49). 
At autopsy: 
         At autopsy, the brain is edematous with meninges and neuronal degeneration. 
Petechial haemorrhage with flattening and patechae ventricle and congestion, the 
hypothalamus conserved more rapidly. There will be haemorrhage in serous cavities, 
heart, kidneys, liver and gastrointestinal mucosa. Myocardium damage is common 
include extensive focal necrosis with normal coronary arteries, this means direct 
myocardial damage by heat effect (72), it may show sub-endocardial hemorrhage 
beneath interventricular septum. Also there is skeletal muscle necrosis post 
rhabdomyolosis. Liver damage is a prominent feature with centrilobular fatty changes, 
congestion, and degeneration of hepatocytes “Councilman Bodies”. Kidneys are 
damaged and show hyperemia petechial hemorrhage (18). Haemolysis, 
thrombocytopenia and megakaryocyte are damaged. DIC with wide spread fibrin 
deposition (18), DIC contribute to both; bleeding and shock manifestation (49). 
Differential diagnosis: 
         Heat stroke has a wide range of differential diagnosis that includes: cases of 
high fever from other causes must be kept under consideration; moreover, they 
contribute to cause heat stroke for example: 
1. Cerebral malaria (49). 
2. Encephalitis (arbovirus). 
3. Meningitis (meningococcal meningitis) (15). 
         Other differential are: heat collapse, tetanus, cerebral tetanus, hepatitis, 
septicaemia, hysterical behaviour, epilepsy, malignant hyperthermia (15), bacterial 
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pneumonia, salmonella infection (49), cerebral haemorrhage, pontine haemorrhage and 
infection. 
Diagnosis of heat stroke: 
         Due to the wide range of the complex clinical picture of the disease, that range 
from short term faint to deep coma it need well trained cadre to diagnose. The early 
diagnosis is important for prevention of tissue damage (72). 
         The disease is suspected in any cases who loses consciousness or sudden 
collapse with central nervous system (CNS) disturbance under condition of heat 
stress(59.The occurrence of heat stroke will be probable if the body temperature is 
above forty degrees centigrade. There is a debate about the confirmation of the 
diagnosis, but in all opinions the main features of the diagnosis are summarized in 
two main findings: 
1. Hyperthermia: 
         The core temperature equal and above 40°C in the absence of other pathology 
explaining the hyperthermia, so rectal temperature is critical, but some times it is 
difficult to assess. 
2. Central nervous system dysfunction: 
         It is always severe but may be subtle manifested only as in appropriate behavior 
and impaired judgment (59, 71). 
         In Makka experience the criteria for diagnosis of heat stroke are the trait of: (6, 15, 
49, 59, and 79).  
1. CNS disturbance, sudden onset of neurological effects. 
2. Rectal temperature equal and above 40°C. 
3. Generalized anhydrous (i.e. hot dry skin). 
Treatment of heat stroke: 
         Heat stroke is a medical emergency requires immediate treatment, and the 
outcome depends upon: 
1. Early diagnosis. 
2. Proper management. 
3. Rapid treatment. 
Treatment strategy includes: 
1. Start treatment and cooling on the field using first aid and during 
transportation. 
2. Resuscitation and support vital organs (57). 
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3. Rapid cooling, which is the cornerstone in heat stroke treatment to restore 
normothermia (18). 
4. Correct and monitoring of fluid and electrolyte imbalance by (urine output, 
pulse, dehydration, awareness, blood osmolarity and blood diathesis). 
5. Management of unconscious patient. 
6. Monitoring and treatment of complications (eg.blood diathesis in ICU by 
heparin, fresh plasma) (49). 
7. Treatment and prevention of convulsion, I.V chlorpromazine   25 mg. 
The first aid: 
1. Remove to shade.              2. Remove clothes. 
3. Start cooling.                     4. Call ambulance and transport. 
         Cooling on field site by fanning towel and rubbing ice soaked sheet or ice packs 
in axilla, groin (23) and increase air movement with fanning with cool damp cloth on 
head and face (23). Other used cooling with sponge and ice (79). 
Cooling: 
         It does not take long either to boil egg or cook neuron (61); hence minutes are 
precious in preventing death. Cooling is an essential part of management protocol (57, 
61, and 71). Cooling is targeting restore normal body temperature by dissipating excess 
heat load. Two main schools in cooling old by conduction and new by evaporative or 
may be combination of both. 
The Makka Body Cooling Unit (MBCU): 
         It was tested in 1978 and designed in such away to enhance maximal 
evaporative convective cooling of the body. It involves spraying the victim by 
atomized water at temperature 15ºC–20ºC, then blow of air at 45ºC–50ºC reaching 
subject at 33ºC and keeping the skin temperature at 31ºC–32ºC. It gave a very good 
outcome in treatment of classical heat stroke in Saudi Arabia where 1791 cases were 
treated between the years 1979–1982. The simple form of cooling is by spraying tepid 
water and fanning with electric fan or hot moving air. 
The old methods of cooling: 
         It depends on immersion in ice water (4), or making ice pack, by putting crushed 
ice, cubes and cold water in latex gloves. 
         The ice packs were applied to area of body where arterial circulation is most 
superficial like “axillae groins, nape of the neck” (49, 61, 71). In France (2003) the 
cooling by ice water and good air movement from electric fan, or wrapping in a wet 
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sheet and fanning (49). They also use vasoactive drugs in first day in ICU (71). Also 
cooling is by dressing alcohol and fanning (6). So far no pharmacological agent can 
accelerate cooling (71). Although scientific logic support the new method but 
experience of USA in 1982 whose treatment of 252 HS victim of marine recruit 
without deaths keep the door open for dialogue(49). In general the cooling should be 
stopped at 39°C, and then the temperature and vital organs are monitored (79). 
Prognosis in cooling: 
         Deaths is high among the diabetic patients, they are least to respond to cooling 
(15).The cooling is affected by existing illnesses, duration of attack, severity of thermal 
insult and initiation of prompt and efficient adequate therapy (15). 
The signs of bad prognosis: 
         Generalized bleeding, anuria, long cooling period (59), prolonged coma, 
aspiration pneumonia, refracting decrease in blood pressure. 
         The outcome of cooling 70% early recovery few die in post cooling period and 
20% with prolonged coma and several complications(57, 59). 
Heat related mortality in Europe: 
         A study carried in European cities reflected that, there is variation between 
region in the response and impact to environmental temperature, and the most 
appropriate range of 3 degrees centigrade rang for human life. The highest range in 
Athens was (22.7˚C–25.7˚C) and the lowest in South France, which was 13.3˚C–
16.3˚C. The range of human mean daily mortality between the regions was (51.3–
72.9).The study reflected the number of days above the appropriate heat band, which 
were ascending for the regions (5,18,22,25,46,63,89) days. These days were strongly 
related to the mean summer temperature (16). The heat related mortality starts at higher 
temperature in hot region than in cold ones, while the same temperature in Summer 
increases mortality less in hot than cold region, but the heat related mortality were 
always much smaller than cold related death(16), while the comfortable temperature 
range was estimated as (20ºC–28ºC). The researches indicate that mortality rate during 
extreme heat vary with age, sex and race, and on the other hand hot extremes have a 
more mortality than cold episodes (75). 
The risky months and duration of risky days: 
         The experiences of heat waves in Europe and USA demonstrated that; the heat 
waves occur during the summer months in a fluctuation nature, but it extends for a 
few days varying from episode to another along the summer period. For example, in 
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Chicago in the years 1995 and 1988 it occurred during the days 13th, 19th of July for 
seven days, and from 29th of July to 1st day of August for 3 days respectively (14), but 
in Paris (France) in 2003 it extended from 4th to 14th of August for 9 days. Moreover, 
in Italy it occurred with two peaks in Rome 9th June–2nd of July and 10th–30th of July, 
but in Portugal it extended from 30th of July to 13th of August (14, 16, and 69). 
The risky extend of temperature and humidity: 
         In France (2003) the temperature was more than 35°C and up to 39.5°C and the 
minimum were to 23.4°C (69). The heat index was (119°F) in Chicago (1995) when the 
peak of death and hospital admission described. It is known that at 32.2°C and 35% 
relative humidity the heat stress would start and the body do every things it can do to 
maintain normal internal environment. The range of Makka weather element is 38°C 
– 50°C for temperature and 25%-50% for relative humidity. 
The correlation between weather factors in Europe: 
         Wind speed, humidity and rainfall were not significantly related to mean 
summer temperature of the regions in any 3°C temperature bands in Europe (16). 
Heat related mortality and temperature threshold: 
         Change in temperature-threshold are region specific reflecting the rate of 
warming experience. The global population disturbance was divided into five climate 
zones that are, hot dry, warm humid, temperate, cold and polar which excluded due to 
scarce population. The threshold temperature measured for each zone respectively, 
23°C, 29°C and 16°C and 16°C, whereas the change in mortality per 1°C in mean 
daily temperature were found  for each zone 3.0, 5.5, 2.6 and 1.1 for heat and for cold 
were 1.4, 5.7, 2.9 and 0,5 respectively (77). 
         During the warm period the threshold temperature is the maximum temperature 
above which mortality increases can be determined (75) which found to be 33.33°C for 
New York City (75). Moreover deaths from large number of causes increase with 
increased temperature (75). Disease mortality and complications were correlated with 
monthly temperature. 
         Heart failure, most often (myocardial infarction and cerebrovascular accidents 
represent two general moralities categories that have been correlated many times with 
ambient monthly temperature (75). Also the complications of these diseases can be 
expected at high temperature (75). 
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The epidemiology of heat illnesses (mortality and morbidity): 
Epidemiology of Heat Stroke:  
         Heat stroke and other heat illnesses cases epidemics had been mentioned since 
ancient periods, throughout history in 24 BC Romans Military expedition into Arabia 
“Aelius Gallus”. In the 18th century, about 11,000 deaths reported in street of Beking 
during heat wave on 14th–25th July of 1743. Also during the World War first the heat 
causalities were decisive factor in battle in Mesopotamia (15). Also the report shows 
that large number of unacclimatized civilian urban succumbed by heat illnesses when 
exposed to heat waves in Europe and USA. In addition to the prominent epidemics 
that occurred during (1979–1981) (6). Million are at risk during Makka Hajj, when 
fallen during the hot months of the years. 
         Apart from these there were sporadic cases occurred in armed forces among 
recruits and in industries among the laborers .Among those was a famous victim  
King Pro Bowler Korey stringer a football player in Minnesota Viking line man. But 
in Sudan apart from Judah Tragedy no significant reports was found (80, 84). 
         The epidemiology of the effect of heat assessed with different methodology, 
either by: 
         1. Determining heat related mortality during extreme weather heat. 
         2. Determining morbidity by assessing the increasing hospital admission, 
causality outpatient consultation and upwards deviation of specific disorders of 
weather sensitive individuals. 
         3. Determining mortality rate associated with mean dry, maximum daily 
temperatures and cold related mortality. 
Heat related mortality during heat waves: 
         In fact the mortality from all causes increased during prolonged period of 
exposure to excessive heat (17). 
IN USA: 
         The Centre for Disease Control (CDC) reported   that, the annual heat related 
death was ranged between 48–1700 deaths. During the years 1979–1988 it was 
number one weather killer in USA (85). Other study estimated that the annual mean 
heat related morality (HR-M) during the period 1998–2002 was 1500 deaths (67, 68). 
The rate of the heat related morality during the period 1979–1999, was ranged 
between 2-5 deaths/million, with regard to over 65 years old people (69) 0.1–0.3 death 
/million for adult, and 0.2deaths/million for 1-14 years old. There were 0.3deaths/ 
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million for 1-4 year, and 0.5/million for under one year old recorded. Children aged 6-
14years were less than 0.05death/million, i.e. the most adapted age group to heat. The 
age groups 0-4years old and the elders of age above 55 years were significantly high 
sensitive to heat (69). In Chicago (1995) over 700 deaths were diagnosed as HR 
mortality (17).In the year 1980, more than 1285 HR-death were recorded in Louis and 
Kansas cities. In the years 1934 mortality increased within elder people, 
cardiovascular and respiratory patients.         In Chicago (1999), no children deaths 
were recorded.  Two deaths recorded were exertional heat stroke. Also in Chicago 
(1999), 53% of cases were aged less than 65 years old compare with 3% in the year 
1995, while the rate in age groups 65–75 is similar to 45–64 years, this may be due to 
intervention in age group above 65 year old in the year 1999.In the year 1993, there 
are 118 deaths attributable to heat was recorded in Philadelphia (17). While in Chicago 
(1999) 29 out of 63 HR-deaths in ICU, were diagnosed as heat stroke (14). Moreover, it 
is the 3rd cause of mortality among USA athletes (62). In 1980 in St. Louis and Kansa 
cities heat stroke incidence was 17.6–26.5/100000 (15). The heat stroke incident was 
450–1800 cases per 100,000(71). 
         In Memphis in the year 1980 there were 484 heat related illness. 58%of the 
cases were diagnosed as heat exhaustion, 17% as heat stroke and 6% as muscle 
cramps (2).in Chicago (1995), the excess hospital admission was 1072 patients 443 of 
them were heat related diagnosis as heat stroke (HS) and heat exhaustion (HE), 
whereas dehydration was the main cause of admission. The dehydration cases was 
35% of the admitted above 65years old people (2). In 1999 Chicago the heat stroke 
cases prevalence was 2-3/1000 people, i.e. 10 fold of admission in 1995. In 2003 in 
Paris (France) the ICU hospital admission increased by 191%(64,65) and the hospital 
mortality increased by 143% (62), but in England the Geriatric hospital in patients 
increased by two fold in the year 1995 (69)In Greece during the summer of the year 
1997 more 2690 admissions were reported during heat wave (69). Also it was noticed 
that during heat wave there were increases in-inpatients deaths mainly among diabetic 
patients (2).  In cardiovascular patients the heat was a contributing factor (17, 57). 
In Europe: 
         United Kingdom: in the year 1976 there was 9.7% excess death in both England 
and Wales. In the year 1995 the excess death in London was (15.6%). The mortality 
in England and Wales were increased by 768 excess deaths (8.9%).  
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         In Rome the capital of Italy, there were 35% excess deaths recorded during heat 
wave, in July of the year 1983. In the year 2003, 639 excess deaths were recorded 
among those of the age ≥ 65 years old. 
         In Greece (1987) the estimated excess deaths was 926.And 2000 deaths were 
diagnosed as heat related mortality (69). 
1316 excess death was reported in Portugal (2003) in August month (69). 
         In France the increase death was estimated as 14947 cases during August 2003, 
and 180 people died in one day in Paris city (66). 
Saudi Arabia, Makka Hajj pilgrimage: 
         The cases in Saudi Arabia during the pilgrimage days are different from the heat 
waves. The etiology of the heat stroke and other heat illnesses were a combination of 
classical, exertional and environmental factors. 1791 heat stroke cases were treated in 
the heat stroke treatment centers (HSTCs) during the years 1978 – 1982(15). The heat 
exhaustion cases were estimated as (5-8) times the heat stroke ones (18). In the year 
1982 there were 1190 cases of heat stroke treated at HSTCs and 800 victims died 
before reaching the treatment centers. The estimated incidence of heat stroke was 1.2-
2.4 per 1000 of foreign pilgrims in the year 1982 and 0.001/1000 of total pilgrims (15, 
18). 
Exertional heat stroke: 
         The exertional heat stroke and other heat illness due to exertion were mainly 
sporadic except in Saudi pilgrimage. It occurs in a higher rate in USA among football 
players and line men (23, 70). During the 20th century a significant number of victims 
died in the field. This was reported in the year and it was found to be as the 2nd causes 
of death among football players in USA (70). In 1956 five boys were reported, in the 
year 1958 one line men, in 1962 in Texas one football player and during the years 
1958–1982 in Ohio state 13 heat stroke victims of interior line men were documented. 
In the year 1970 a range of 1-9 deaths were reported in the different states. I.e. 
annually about 37exertion heatstroke cases were reported .Almost 46 players, 
annually were taken to heat physician after 2 days of practice (23). 
Increase of hospital admission and co-morbidity: 
         During heat waves weeks the hospital admission increases significantly. In 
Chicago in 1995, there were 1394 excess hospital admissions.443 cases were 
diagnosed HS and HE while dehydration was the main cause of admission. 1072 cases 
were admitted in South Australia in Adelaide Hospital. In Kansas and Louis the 
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admission increased by 5.1% and 1.5% respectively. In Chicago (1995), 58% of 
admitted cases diagnosed heat stroke, 17% was heat exhaustion and 6% muscle cram 
(2). The hospital admission was significantly observed among the people of 65 years 
old and above. There were 838 more cases during the week of heat wave. The 
diagnosis of those admitted patients reveal that they had co-morbid chronic diseases 
with heat illness. Those co-morbid diseases were cardiovascular, cerebrovascular, and 
ischemic heart diseases, angina pectoris, heart failure, cardiac arrhythmia, 
hypertension, atherosclerosis, DM, alcoholic liver cirrhosis, pneumonia (20%) and 
chronic obstructed pulmonary diseases, emphysema, asthma, degenerative CNS 
diseases, epilepsy, renal diseases, and psychiatric patient(2).  This reflects that the 
patient of any chronic debilitating disease will be vulnerable during environmental 
heat stress. The excess hospitalization during 1995 heat waves and the primary 
reasons for hospital visit in Chicago were heat stroke, heat exhaustion and 
dehydration. In Australia in Adelaide there was an increase in hospital admission. The 
excess admission diagnosed in other studies as acute renal failure (38.8%) 
dehydration, heat stroke, heat exhaustion, fluid and electrolyte disorder and acid-base 
imbalance. The other diagnosis was cardiovascular, hypertension, chronic disability, 
malnutrition, miliaria rubra, thyroid hormone, aldosterone and adrenaline, epilepsy, 
nervous system disorders and emphysema among people with underlying medical 
condition (2, 42). 
Mortality, degree of seasonality and daily fluctuation: 
         Countries with smaller seasonal temperature range exhibit steeper regression 
lines in temperature morbidity correlation, than countries with greater temperature 
range (75). 
         The impact of the fluctuation of the daily temperature on human mortality is 
conflicting. In long term studies found to be only small irregular observation. In New 
York heat wave (1980) found the daily temperature fluctuation increases the mortality 
rate up to 50% in total, and significantly affect elder mortality (75). 
Morbidity related to seasonal variation: 
         Medical disorders such as, bronchitis, peptic ulcer, adrenal ulcer, glaucoma, 
goiter, eczema and herpes zoster are related to seasonality variation in temperature (75). 
         The USA studies demonstrated the importance of the relative rather than 
absolute weather condition in determination of the effect of variability (5, 7). 
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The duration of risky period: 
         The duration of risky days of heat stress determined either by extreme national 
environmental condition like what happen during the heat wave, or by combination of 
environmental anthropogenic like what happen during Makka Hajj. 
Makka Hajj: 
         The duration associated with specific time period of each year of the 6 days of 
Hajj, 8th–13th of the 12th lunar month especially if the hajj is performed during hot 
months of Gregorian calendar May–September which extended for 15–16 years then 
cools down. So a combination of natural, crowdness and the physical exertion of the 
ritual activities create the risk. 
         In USA and Europe the duration of the risky days associated with heat waves 
episodes during the hot month of the years. It take few days not exceed fortnight, 
some time it occurs in more than one episodes in the same summer period (59, 66). 
The lag and unlag effect of heat: 
         While in literature the most heat deaths occur two to three days after start of heat 
waves episode like in Chicago (1995) (2,14).In Europe study un lagged data given the 
steepest mortality  temperature relation for heat related mortality(16). 
         The lag data give the steepest mortality temperature relationship for heat related 
mortality. A lag period of one day was often uncovered as an effect of hot days. Other 
has observed a few days i.e. two-to-three days lag temperature affect not only 
Mortality but also the morbidity (16, 75).  The impact temperature appears more 
immediately in summer (75, 77). The cold effect last for up to two weeks (77).It is about 
2-3 days between the offending cold weather and ultimate mortality response. The 
sharpest increases often were noted three days after coldest weather occurred (75). 
Some predictive equation for temperature mortality rate (TMR) 
algorithm: 
         Several general algorithms have been developed by to predict mortality changes 
during heat waves, at temperature above 32.222°C (75).The temperature specific 
mortality ratio" the predicted mortality for the day divided by the average annual daily 
mortality).i.e. attempt to account for seasonality on mortality .  
           TMR= cycle + 0.10 e [0.2 (F [1]-90)]                                 (1). 
Where cycle; is the expected mortality ratio for that day of the year. Each day have 
distinctive cycle value depending on mean mortality of that time of the year. 
F [1] is yesterday temperature. 
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         The age and temperature specific mortality ratio predictive equation: 
         ATMR = 98.806 + e [(-15.23 + .0385 age +0.1655 F)]      (2). 
Where F = the present day maximum temperature. 
While Marmor model 1975, was account for acclimatization effect i.e. the ratio will 
decreases as population exposed to more hot days: 
         Sensitivity (S [d]) equals: < P >1/ [1+e (Ad-6) l0-46)]     (3). 
Ad=Total No. of previous days with over 90°F 
         TMR = cycle + (0.05 + 0.06 sensitivity) e [(F [1] -90) 0.2] + 0.05e [(F-90) 0.2] 
+ 0.07 e (f-75) 0.2]                                          (4) 
 f= Minimum temperature of the day, F [1] previous day maximum temperature 
 F= Maximum temperature of the present day. 
         Risk pre-disposing factors and vulnerability for heat related disorders: 
The health impact of heat depends, in addition to weather and environmental 
condition, on previously existing health condition and socioeconomic status (2). The 
risk increases with high metabolic heat load, failure of thermoregulatory mechanism 
and failure to accept heat dissipation, i.e., any condition that increases heat gain 
and/or decrease heat loss will contribute to heat illness. 
The risk condition: 
         Environmental factors: the circumstances that inhibit sweating and prevent 
evaporation; like significant aggravation of the thermal, humid and high radiant load, 
and hot little cooling wind, during heat waves episodes are risk condition to heat 
illnesses (5,8,15,49,57,59). 
         The experience of heat waves in USA, France and Athens, Greece shows that 
the effect due to rapid change in thermal condition and the extend of upward deviation 
from usual summer temperature in addition to variability of metrological elements 
increase risk heat illness (7, 76). The effect of heat waves mainly in densely populated 
urban setting (major cities), which hold heat in buildings, asphalt, concrete, alleys and 
towers,, and the lack of trees, shrubbery around the dwelling also contributed to the 
heat risk (2, 7, 52, 60). Other risk conditions, physical constraints that prevent air 
circulation closed non air conditioning space and homes are contributory to heat 
illness. Heat stroke occurs at home and health facilities rather than in public location 
(2, 7, 15, 52, 57, and 71). 
         Also the crowdness is an additive factor for heat disorders, like during the holy 
annual Makka pilgrimage.  More than two million pilgrims are gathered in the holy 
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sites every year to perform the sacred ritual the fifth pillar of Islam. The effect 
increases with sustained hot weather affecting predominantly high risk population 
living in urban areas and not being exposed to heat wave for several years (5, 18, and 57). 
The urban heat island phenomenon: (69) 
         It is noticed that the heat stress increases in urban areas, where the climate is 
modified by urbanization and other land use changes (69). Also there is less radiant 
loss, lower wind velocity, hence more exposure to radiation. Also the temperature 
increases with number of inhabitants and building density. Moreover, during heat 
waves episodes the building retain heat at night if ventilation is inadequate, which 
lead to sustained heat stress both at night and during the day. 
The people at risk for heat stroke and other disorders: 
         The urban population seems to be disproportionately affected by heat waves 
because they have lesser physiological coping ability (76). 
         In general all age groups are at risk for heat stroke and other heat disorders, but 
elders and young children are more susceptible to heat related disorders. 
1. Infants and children: 
         There is great vulnerability of children (7) specially if wrapped too warmly 
during febrile illness, or if left in closed motor cars in direct sunlight or if warmed in 
winter by electric carpet warmer (4, 10, 57 and 59). The children of the age below four 
years are more susceptible (4, 56, 76, and 71). Nevertheless in Philadelphia heat wave in 
1999 summer no pediatric death was reported (14), but less than one year old are more 
at risk than older ones. 
2. Advance age (Elders): 
         Advance age thought to be started at 25,40and 50 years old, in different studies, 
but in general there is an agreement of the age 60 and older as significantly risky for 
heat stroke and other heat disorders (2, 4, 5, 6, 10, 15, 17, 57, 69, 75 and 76). 
         The vulnerability in old people is due to intrinsic change in regulatory systems, 
where the elders suffer impaired physiological responses and decrease in 
thermoregulatory function ,hence decline in heat intolerance due to; poorer control of 
peripheral vascular tone, decrease peripheral blood flow and response. Also the 
maximum aerobic capacity decreases as well as sweating efficiency. They are unable 
to increase cardiac output sufficiently during extreme hot weathers. Elders' sensation 
decrease, so they are not a ware of the illness and environment, to take action, to 
reduce their exposure (69, 75). 
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         Elder proved to have short-term acclimatization, in addition to their chronic 
illness, hence the chronic usage of multiple medications that interfere with 
homeostasis. All these make them prone to chronic and acute dehydration and 
reduction in their resilient to hot environment and hence increase their risk to heat 
stroke .heat stroke can occur in low or even absence of exertion (2, 75). 
3. Poor Physical Fitness, Sedentary Life and Bed Ridden: 
         The low level of fitness leads to low cardiovascular reserve, and to low heat 
tolerance. This affects sweating and decreases vasodilatation, heat movement, 
cardiovascular reactivity, the blood supply to vital organs and blood pressure. These 
of sedentary life style(10), and those of self care deficit, who are in able to care of their 
self and need help, like those affected during Missouri heat wave (1982)(2). 
4. Lack of sleep and sleep deprivation: Exhaustion due to sleep deprivement (2, 15) and 
fatigue and tiredness in general and psychological stress (15, 37, 56, 57, and 59). 
5. Obesity: It decreases surface mass ratio, hence decrease the heat dissipation, i.e. 
inverse relation between fat and sweat gland (4, 6, 10, 15, 56, and 59). 
6. New comers to tropic and un acclimatized people: Sudden exposure to hot 
environment without acclimatization increases the risk for heat disorders (5, 10, 15, 49, and 
56). 
7. The workers in high heat stress occupation and exertion in heat stress(52), will 
increase the risk for heat stroke, like industrial manual laborers, in hot humid 
environment (57), Athletes football players, marathon race runners, soldiers and 
military recruits and crew oil tankers (4, 57). 
8. People with previous history of heat-related illness: They are susceptible and more 
prone to heat stroke than others (8, 52, and 56). 
9. Low socioeconomic status: The people of low socioeconomic status and those of 
low income- i.e. annual income less than 10,000$ (14, 17) are  more prone to heat stroke 
than others, in addition to socioeconomic vulnerability the social attenuation of 
hazards (66) where anthropogenic contribution to climate change become more 
plausible (66). 
10. Illiteracy and lack of preventive knowledge: It was found that the vulnerability for 
heat stroke is higher among illiterate people, and those lacking the knowledge of the 
preventive measures and basic information of the heat stroke and other heat related 
illness (5). 
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11. Pre-existing diseases and co-morbidity: Many studies during heat waves elicited 
diseases that aggravate the vulnerability for heat stroke and other heat illnesses those 
are: Acute and chronic debilitating diseases i.e. cardiovascular and repertory, 
endocrine diseases, disease affecting central nervous system, psychiatric diseases, 
fever heat producing illnesses, diseases increase water loss electrolyte imbalance, and 
skin diseases (2, 5, 6, 10, 15, 19, 51, 52, 56, 71 and 72). 
12. Other conditions enhance heat illnesses: Men twice women  “Bark” (1982) (57), the 
heat stroke affect races equally, but because of differences in social advantage the 
annual  death rate due to heat stress is more than three times higher in black than 
white people in USA (23). 
         Dietary deficiency and malnutrition and eating disorder (15) make the people 
vulnerable to heat stress. 
13. Risk behavior and attitude: Many human behavior and attitude proved to 
contribute to increase risk for heat illnesses like: 
? Prolonged physical exertion in heat stress environment and hard physical work 
in severe heat (10, 15, 49, and 52), which will increases temperature (10-20) times rest 
(56). 
? Performing ritual of Hajj during peak sun hours (5). 
? Physically active people and strenuous exercises (5, 49). 
? Sedentary life style and lack acclimatization (10, 15). 
? In door activity with malfunctioning air conditioning (2). 
? Under dehydration, Voluntary and involuntary dehydration (10, 14, 49, 56). 
? In ability to replenish the thirst and recent intake of food (10, 50) and self care 
deficit and inability to obtain fluids or drinks in dependently. 
? Lack of football players' care in the field by offering sport fluids and weighing 
of them pre- and post exercise to assess weight loss and to detect exertional heat 
stroke risk early and prevent it. 
? Those who live alone (17, 23), bed ridden (76), didn't leave home during day (17, 23) 
those live on upper floor of their building (17, 52), isolated socially (2) are at higher risk 
to be a victim of heat stroke. Those who have no ready access to air conditioning 
during the day during heat waves episodes are at risk (2, 17). 
14. Risky drugs medications and substances: 
         People under prescription of multiple drugs they are of higher risk, due to the 
effect of both chronic diseases and medications on normal homeostasis (2, 4, and 52). 
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Many drugs, medication and substance that act centrally or extra centrally (66), 
interfere with thermoregulatory mechanisms or human attitude and salt and water 
balance (71) that make him more susceptible and vulnerable to heat disorders (17). These 
substance include, alcohol (2, 4, 6, 17, 49, 56, 69 and 76), coffee, (55, 56), organophosphate leads 
to toxemia (55) centrally acts tranamilizer and teas (56), barbiturate (56), cocaine heroin, 
LSD, PCP (2, 52), phenothiazines (52), butyrohenones anti-histamine (52,55), thioxanthene, 
anti-cholinergic, antiparkinsons, sedative, hypnotics inhalation anesthesia (2), 
nortriptilline (21) psychiatric medications (4,14) like tricyclic antidepressant (4), lithium, 
monoamine oxidase inhibitor (52,55), sympathomimetics, phosphodiesterase, thyroid 
agonist, diuretics, Amphetamines, anti-dopaminergic, digitalis (69), β-blockers calcium 
channel blockers, Anti-hypertensive agents and salcylate derivative. 
         In general receiving medication and multiple drugs, is increasing the risks of 
heat illnesses (4, 17, 49, and 71). 
Global warming and climatic changes: 
         The climate defined by the intergovernmental panel on climatic changes 
working group (IPCC),  as average weather, described in terms of the mean state other 
statistics such as standard deviations, occurrence of extremes etc of the climate on all 
temporal and special scales beyond that of individual weather events. Variability may 
be internal or external (29, 77). The base line climate is considered from 1961-1990, or 
the pre-industrial climate (77). 
         Accumulating evidence suggests that in addition to daily seasonal and inter-
annual scale variability the average climatic condition measured over extended time 
periods of 30 years longer are also changing, over and above the natural variation 
observed on decade or century time scales (77). 
         The third assessment report of IPCC 2001, estimate that globally the average 
land and sea surface temperature has increased by "0.6°C ± 0.2°C” since mid 19th 
century with much of change occurring since 1976 warming has been observed in the 
northern hemisphere, the small amount of climatic change that has occurred, has 
effects on natural ecosystem(77). 
         The changes in climatic variability and extreme weather and climate event were 
determined as signs of climatic changes with other signs like change in mean 
temperature, participation and oceanic circulation patterns. 
         Global warming is one of the direct effects and indicators of climatic change. 
The solar radiation and indirectly by radiated infrared causes evaporation of water and 
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upwards convection of air both of which transfer energy from the earths surface back 
into the atmosphere, the over all effects is warming(29).  Most of the observed 
warming over the last 50 years is likely to have been due to increase in green house 
gases concentrations as result of human activity of fossil fuel (30, 60, 77) and emission of 
green houses gases like CO2 which increased from 276.72 PPMIV in year 1760 to 
372.9 PPM/V in year 2002 with related temperature of both 13.83°C and 14.6°C 
respectively (67, 68). 
         There would be expected more weather events; like heat waves or floods, which 
expected to be of more frequent interval and more severe especially in June and 
August. The global temperature would be likely to rise between 1.4°C- 5.8°C or 
1.0°C -3.5°C from year 1990 to year 2100 if no specific action were taken to reduce 
green gases, more hot days and higher maximum temperature over nearly all land very 
likely expected in this century and reduce diurnal temperature range and fewer cold 
days (49, 69, 77). 
         The expected abrupt changes and associated rapid impact on health (77). And the 
incidence death expected to increase with global warming (71). 
The heat wave: 
         They are consecutive days during which the air temperature is higher than 
32.2°C (71). It is a rare event that varies in character and impact (69). It is expected with 
more frequent, intensity, duration , maximum daily temperate and average 
temperature with climatic changes. It is known as risk factor for mortality in heat 
stroke patients (65, 66).  In 2003 the mean temperature was exceeding the 90th percentile 
in each region of Europe (69). It is clear that there is increases in heat waves and air 
pollution problem in urban areas where excess morbidity and mortality observed 
during weather episodes.  There was predicted world-wide increase in frequency and 
intensity of heat waves (71). It takes few days not exceeding fortnight. Sometimes it 
occurs in more than one episode in the same summer period e.g. it occurred from 12th 
-16th July in Chicago 1995, 1st-16th August 2003 in Paris, 30th July-12th August 2003 
in Portugal and in Peking 14th -25th July (49, 66). 
Sings of global warming in Europe: 
         The number of extreme warmth days was doubled annually. The cold days 
decreased. The daily maximum temperature increased by 0.3°C per decade since 
1970-1999 (69). The frequency of the very hot days in central England increased since 
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1960s with extremely hot summers in the year 1970, 1983 and 1995 and the sustained 
hot period have become more frequents particularly in May- July. 
         Globally the decade 1990th was the hottest one. The years 1998 and 2005 were 
the hottest years in last 100 years (69, 61). 
Determinantes of vulnerability to climatic changes: 
         The vulnerability reflects the risk of exposure to climate variations.  The 
sensitivity of natural social system to adverse impact and ability to adapt with climate 
changes, affected by: poverty inequality resources "technical economic, community 
natural resources and population trends like growth, urbanization migration and 
socioeconomic vulnerability. It is found a very strong relationship between ill-health 
and absolute poverty deprived community, lacking wealth and social institutions. It is 
found that not the absolute temperature but up word deviation that is the key variable 
affecting health effect of global warming. Since 1990 the IPCC work group collated 
some of climatic effect on health. The extreme climatic may have more performed 
impact than average climatic changes (49). It is estimated that the increase frequency or 
severity and intensity of heat waves would causes an increases in predominantly 
cardio-respiratory mortality, morbidity and general health (77). A study in western 
countries indicate that the number of heat related death would increase several folds 
in response to climatic change scenarios for 2050 and large cities this would represent 
several thousand extra deaths annually, this balance would vary by location and 
according to adaptation. There is evidence that some temperature attribute mortality 
represent small displacement of death that would occur soon in many cases, and the 
temperature expected to increase mortality higher in hotter countries (49). 
         Mortality and summer weather variability rather than heat intensity regarded as 
the most important factor defining human vulnerability to heat (49, 60). People living in 
highly variable weather are poorly adapted to extreme heat because of regulations in 
occurring (49). 
Control and prevention of heat stroke and other health impacts of heat stress: 
         Since the hot summer cannot be prevented but it is health impact on morbidity 
and mortality can be (57), so the best treatment is prevention. The occurrence of heat 
stroke is one of unsolved problems it can not be totally prevented (8, 57). The prevention 
measures should suit the targeted population and situation in its detail. The overall 
concept is the same for prevention, in epidemic as in Makka pilgrimage and heat 
waves episodes in USA which mainly classical heat stroke. The exertional heat stroke 
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occurs in sporadic cases during strenuous exercise, works "industries, athletic, 
marathon runner and foot ball players. The preventive measures during epidemic need 
effective public health strategy for reaching people at risk in order to prevent death 
during heat waves (57). The main strategies for prevention are; supervision, weather 
assessment, advice, awareness, and appropriate setup in industries and health services 
(49). 
Adaptation and mitigation strategies: 
         Since the risk factors of climatic change were difficult to change hence 
adaptation will be key word and the capacity building is an essential for adaptation 
and mitigation. The strategies for adaptation includes; education, training, raising 
awareness, creation of legal framework of Institution and Environment transportation, 
social services and reduction of poverty. 
The intersectoral adaptation measures include: 
1. Early warning system. 
2. Planning of human settlement i.e. civil engineer planning. 
3. Disaster preparedness. 
4. Environmental sanitation. 
The public health measures for adaptation are: 
1. Improvement of surveillance of disease incidence. 
2. Improve public health infrastructure. 
3. Development of sensitive indicator of climatic – environment. 
Acclimatization: 
         The population adjustment to heat will mitigate the impact of impending global 
warming on summer mortality (16,77) some studies expected that acclimatization and 
adjustment would take place relatively quickly with little increase in heat relate 
mortality to global warming (16). The preparation need active measures to accelerate 
adjustment to hot weather that could minimize temporary rise in heat related 
mortality, and the reverse will be if no pre-emptive action is taken in advance, this 
measures includes, change in building, behavior and equipment through: 
1. Improvement of ventilation (16). 
2. Installation of air-condition in hotter region. 
3. Autonomous adaptation in individual physiological behavioral change and 
4. planned population level adaptation. 
5. Public health intervention. 
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6. Infrastructure involve provision of shade and integration of shaded area in 
vicinity of water bodies (76) custom of taking A siesta at the hottest time of the day (16) 
wearing light weight clothing, putting broad brimmed hat, seeking shady area, 
swimming in cool water and insure adequate supply of safe drinking water and 
replenishing salt loss (76). 
Mitigation of health effect of extreme heat episode this involves: 
1. Plan to improve weather forecast and assessment (52). 
2. Individual measures that cover screening, social work, education and alertness 
(14). 
3. Emergency plan, including public health strategies (57). 
4. Reduction of heat stress in the out and in-door environment (69). 
Individual measures: 
         The ultimate goal of the immediate short measure is the maintenance of normal 
defense system. It include: staying in cool environment (17, 69), rehydration, fitness, 
acclimatization, reduction of excess weight (69), drinking more fluid, avoidance the 
fluid containing caffeine, or alcohol and large amount of sugar, Stay indoor, and if it 
is possible in air- conditioned place in shopping mall or public library even for a few 
hours, call local department to see if there are only heat relief shelter in the area wear 
light weight, light colored and loose fitting clothing(69), be cautious in using electric 
fan, take shower and path, never leave any one in closed parked vehicle "specially 
children" avoidance of large meal, visit adult at risk at least twice a day and closely 
watch them for signs of heat stroke and exhaustion, the infants and young children 
need much more frequent watching(69). Changing routine behavior in direction of 
protection, limit out door activity to morning and evening hours, cut down exercise 
and if it must drink 2-4 glasses of cool fluid each hour (57) sport beverage. Try to rest 
in shady area protect your self from sun by "sun screen and hat"(49), consumption of 
salty food (57). The identification of at risk is an essential (17) and conduct patient 
family teaching from house to house. The short term intervention for risky people is 
by fluid and air conditioner (2, 57, 60, and 62). 
Emergency plan for heat waves: 
         It is operation plan designed previously at local and national level to mitigate the 
health impact of heat waves. The plan include; activation of extreme weather 
command, identification the number and the level of support the community provided 
to elderly people by families, social care system and to other population at risk. 
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Evaluation of hospital capacity to treat patients with heat related diseases and 
conditions. Moreover the need to assess the behavioral response to hot weathers. The 
plan covers a pro- actively telephone, visiting elderly, out reach services and 
educational message (14, 69). 
         In general the plan concentrate on improving weather forecasts; and assessment 
(52), Alert those at risk and inform public and educate them (14), Coordination of public 
service announcement, Making the energy cost affordable (71) provision of ready 
access to air conditioning shelter (57), modification of practice schedule for football 
players and reduction of outdoor and physical activities (71), extra path and increase 
socialization. The awareness of the fatal nature of the heat stroke to public and 
physiatrist is very important (2). The overall plan divided into short targeting elderly 
and at risk by visiting, assessment for drinking water and air-condition (60, 62), while 
the long terms aiming to improve general health condition by public health 
intervention through aerobic fitness exercise (2, 60, 62). The control and prevention in 
exertional condition by strategies that include: 
1. Increase capacity. 
2. Pre-seasonal, conditioning and acclimatization to heat exercise for 3 weeks (49, 
70). 
3. Availability of water on field (0.1 saline sodium) and pushing players to drink 
ice cold water and take salt food. 
4. Wearing light weight, loose fitting apparent short sleeves without stocking 
short-T-shirt made of net Jersey changed at half-time (70). 
5. Weigh chart pre-and post exercise to defect weigh loss, the 3% weight loss 
should be reported to coach. The medical assessment covers pulse rate, rectal 
temperature, respiratory rate and reduction in blood volume. 
6. Assessment of environmental condition on the field (49, 70) using wet Bulb 
Globe thermometer or sling psychrometer and giving grade for the 
environment either Reds, orange or green. The Recommendation would be no 
precaution, alert and observation for weight loss players, insisting water given 
in field. Light practice and postponing the practice if the temperature above 
78°F. 
The workers control involves: 
1. Reduction body heat by; Rest, shared work and Mechanization. 
2. Reduction of radiation heat exposure by: screening, insulation furnace. 
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3. Decreasing air temperature, increase air velocity, protective clothing, decrease 
relative humidity, and enhancing evaporative heat loss, with improvement 
ventilation. 
4. scheduling of woke, reduction of exposure suiting climatic condition. 
5. Educate for risky exposed and alert people. 
6. Acclimatization. 
The educational messages: 
         The education targeted towards at risk population and to general public (14) to 
children adolescence and Parents and Middle Ages adult (79). It means to improve 
sensible behaviors and it is also cost intervention that can decrease the cost of health 
care. It aims to change attitude. The population informed to visit elder and bed written 
at least twice and (14) also the public health workers informed about symptoms and 
signs of heat stroke and heat illnesses, also the people informed to maintain minimum  
indoor temperature (14, 57, 69). 
Media coverage: 
         Broad cast the information by successive message to encourage modification of 
routine behavior in direction of prevention (57) as soon as possible. Some studies 
reflect the population learns from national weather services 80% (41). Through 
television 96% and 85% aware of health danger of heat and knowing it is a killing 
problem (14). 
Heat health and warning system: 
         Weather Prediction and early warning system (HHWS): In order to identify cost 
-effective intervention to (69) control and prevention  the impact of extreme heat 
weather a collaboration of (WMO),(WHO) (UNEPA) ,and University of Delaware 
decided to construct and develop heat and health watch warning system for large 
cities that vulnerable throughout world, this would allow urban agencies and local.  
Metrological offices to issue advisories to public if dangerous heat wave is imminent 
(60, 69) so far the system  developed for Rome, Shanghai, Toronto, Lisbon, Portugal (69), 
Pennsylvania, Philadelphia of USA and under development in Barcelona, Budapest, 
London and Paris. 
         The system is taking into account climate, social structure and Land-cape (49). 
The system concern with the entire umbrella of the air, i.e. identify weather variables 
that cause stress rather than just weather variables. Although the thresholds vary from 
city to another but the construction of the system is the same, which involves: 
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1. Historical relation between weather and Mortality associated with heat must 
identify for each city. 
2. The most signification weather condition that lead to increases in Mortality 
related to heat are identified. 
3. Weather for-cast for the next 48 hours incorporated in to the Model (69). 
4. A set of intervention plans is finalized to mitigate damage to health if advisory 
is issued. 
5. A method is developed to check the effectiveness of the system in saving lives 
(60). The systems involve metrological, health authorities and broad cast office 
coordination. More over the system must be accurate with few positive and 
non –false negative. This system aim to make health professionals becoming 
familiar with impact of heat on health and learn to coordinate efforts with 
local health agencies to minimize health related mortality and morbidities. 
The heat intervention plan involves: 
         Active community-base implementation (ensure vulnerable care). The health 
advisories are triggered for the weather that  lead to in creases mortality (one to 3 days 
in advance (69), where the public health takes the following steps if heat emergency 
declared: 
1. Contact person inform media out let that the health commission declare heat 
emergency. 
2. Media broad casts health education to the people to reduce the effect of heat 
stress on people. 
3. The buddy system established by public health where trained people check 
elder and ill person and providing support advise and calls ambulance. 
4. Staffing a heat line (special telephone number). 
5. Warning local utility company not terminate services during heat waves. 
           In Wisconsin county the system developed based on heat index (HI), which 
estimates of how hot it really feels by adding the air temperate and Relative humidity. 
The national weather service’s office will  issue the heat warning when expected the 
day time heat index value to exceed 110 degree where as other city it is 115; above 
these index heat exhaustion, heat cramp and sun and heat stroke is Likely to occur. 
         In General beyond a week or two individual weather systems are unpredictable 
(29). 
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Syndromic surveillance net work for heat related illness: 
         This experience was established for world youth day 2002 a University of 
Toronto, Canada. The system includes: 
         1. Medical health facilities. 
         2. Emergency department. 
         3. Pharmacies. 
         4. Emergency calls telephone 9-1-1. 
 
1-3. OBJECTIVES: 
1­3­1 General Objectives: 
1. To assess the heat stroke "HS" morbidity and mortality in concordance to 
weather variables at Port Sudan Town during the period 1998-2003. 
2. To assess the perception and the adjustment of the Port Sudan population 
toward the heat related health problems. 
 
1­3­ 2 Specific objectives: 
1. To describe the statistics of the heat stroke cases at Port Sudan Town during 
the period 1998-2003 with regard to:- 
? Hospital admissions and deaths. 
? Associated personal characteristics 
? Mortality and case fatality. 
? The day times days and months of the admissions. 
2. To describe the trends of the weather elements, between seasonal, annual and 
longer periods at Port Sudan Town. 
3. To estimate the heat related mortality, morbidity, risky range of maximum 
temperature and the reasonable range of the temperature for Port Sudan 
population. 
4. To assess the knowledge, attitude, behavior and perception "KAP" of Port 
Sudan people towards heat stroke in the year 2003. 
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CHAPTER TWO 
MATERIALS AND METHODS 
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2. MATERIALS AND METHODS 
 
2-1. Study area: 
Port Sudan town: 
         Port Sudan was built in 1905 as a harbor town. It is the biggest harbor of the 
Sudan, located in latitude 19º37 north, and longitude 37º13 east. It is located 1200 
from Khartoum. It is almost at the sea level towards the sea and ascends up to 100 
meters above sea level towards the hills. The town extended 5.5-6 kilometers from the 
sea cost to the west, while the nearest hill is located at 7-10 km from the town. The 
distance between north and south extended to about 14-15 km .The climate and 
topography is similar to that of the whole Red Sea coast. It receives about 5.5 
kilowatt/hour/m² in the day of Solar Radiation (34). The population of the town is 
estimated to be about 343 thousand persons. It represents a model of the mixture of 
the different Sudanese tribes. However Bija and Bani Amir are the dominant tribes. 
The populations reside in three administrative localities i.e. eastern, middle and 
southern localities. Port Sudan town is considered to be the 2nd or the 3rd town of the 
Sudan. The majority of the population was employed by the government, commercial 
companies and other related sectors. Most of the health facilities and specialized 
health services of the state are concentrated in Port Sudan town. The other civil 
services are also available. There is chronic deficiency in the water and electricity 
supplies. 
2-2. Study design: 
         It is a descriptive study, composed of stages i.e. retrospective time series for the 
effect of environmental factors on heat stroke cases and deaths and cross sectional one 
for the "KAP" of the people. 
2-3. Study population: 
         Four study populations were included in this thesis; nevertheless the sampling 
technique was only applied to select the study sample concerning the KAP survey. 
These four populations were 
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2-3-1.The recorded readings of the weather variables for the Port 
Sudan town: 
         The data were obtained from the Federal Metrological Corporation (FMC). 
These weather variables had been originally read and registered six times a day in 
specially designed books at Port Sudan Metrological Station. At the end of each 
month, the content of the book will be sent to (FMC), where to be stored in the 
library, the registration was made in both hard and electronic excel spread sheet. This 
data were checked for completeness at (FMC) by the investigator. The metrological 
data include the followings: 
         The daily maximum, minimum and mean dry temperature recorded in Port 
Sudan for the period 1998-2003. 
         The mean monthly maximum, minimum, dry temperature, relative humidity 
"RH", rain fall "RF", wind speed "wsd" and wind direction "wd dir" for the longer 
period 1990-2003. 
         The average of the mean monthly weather variables for the last thirty tow year 
(1971-2003), which reflect the norm of the Port Sudan weather. 
2-3-2.The recorded deaths of Port Sudan people: 
         This data represented all deaths of the town. It was obtained from registration 
books of the Centre of Statistical Information of Red Sea State. The sources of 
information were hospital death certificates and registrations made by popular 
Committees at community level. This mortality data contains the following variables: 
         Monthly and annual death registration. 
         The daily death registration for the year 2002. 
         Specific heat stroke mortalities registrations since the earliest available deaths 
registration i.e. 1918 through the year 2003. The missed data were completed using 
statistical interpolation. 
2-3-3.The heat stroke cases: 
         The numbers and names of heat stroke cases for the period 1998-2003 were 
obtained from the Red Sea Health Information Centre (RS-HIC), Department of 
epidemiology (Dept. Epi.) and files at Port Sudan hospital at the section of the 
statistic. 
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         Although the (RS-HIC) is the last destination of all the state health information 
system, the investigator reviewed the registers of the Dept. Epi., the hospital 
registration books and hospital files. All the cases with detailed information were 
eligible for the analysis. 
2-3-4.The heads of households in Port Sudan town: 
         This population is selected to demonstrate the KAP of Port Sudan people to heat 
stroke and other heat illnesses. 
         Port Sudan population was estimated by the successive National Population 
Censuses in the years 1973, 1983, 1993 as 132, 632, 217, 243 and 308, 195 
respectively. From that the estimation of the Port Sudan population for the year 2003 
was extrapolated using the exponential projection rate (3,497%) to be ‘437,224’.  This 
population represents more than 50% of the state population.  And the number of the 
household as estimated by Red Sea State, Ministry of Social Affair is about 91,854 
household.  The average family size of Port Sudan was five members. Although the 
annual growth rate of the whole state is moderate (about 0.52) compared with country 
rate (2.6) and Northern States (2.8%), Port Sudan town demonstrated  an explosive 
growth due to the continuous migration ,internal displaced peoples, and refugees 
influxes from neighboring countries and other states of the Sudan. 
         Port Sudan town represents the largest part of the Port Sudan locality. The 
locality contains five administrative areas; three of them form Port Sudan Town. That 
are ‘Middle, Eastern and Southern areas'. Further more these three areas were further 
subdivided into fifty seven main resident areas ‘hai’.  These 57 hai were classified by 
the Ministry of Engineering into four categories; class one, two, three and four. The 
class four is representing the unplanned areas, camps of displaced refugees and the 
shanty towns around the town. Although this classification was not set on 
standardized criteria but reflect a considerable degree of socioeconomic variation 
between these classes. 
2-3-5. Inclusion and exclusion criteria: 
         Concerning the KAP survey the household members that enrolled in the study 
should had been living in Port Sudan Town at least for three years. 
         The heat stroke case should be diagnosed officially by at least a medical officer 
cadre. 
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         Any heat stroke case registered without heat stroke format or/and hospital file 
was excluded from further analysis. 
2-4.Sample design for household: 
         This is a stratified cluster sample. 
2-5.Sample equation and sample size: 
         The sample size was estimated using the following equation: 
              n = Z2.Pq/ d2 
Since we stratify we did not multiply the defect factor.  Hence:- 
n =the sample size 
z = 1.96 level of confidence at 95%. 
p = 0.5 proportion of Port Sudan population estimated to have HS, due to the lake of 
referral prevalence. 
q = I-P = 0.5 (the opposite probability). 
d = 0.05. It is the desired margin of error. 
n is estimated to be = 384. 
For convenience the sample size was completed to 401 house holds. 
2-6. Sample technique: 
         The probability proportional to the size technique (PPS) was applied here to 
determine randomly the specific [ahia]- (ahia is the plural of hai.hai is the Arabic 
name of groups of blocks of houses defined by specific name and boundaries) -of 
them that would be included in the sample. Never the less the number of [ahia] that 
would be selected had been desired by the investigator. For the convenience of this 
study they were ten clusters [ahia]. The studied households had been selected as 
follows: 
         Firstly: the total number of [ahia] that forming the town were stratified 
according to the classification made by the state ministry of housing and engineer 
affair, into class one, tow, three and four. 
         Secondly: the proportion of size of each class of [ahia] out of the total number 
of the population of the households was calculated. 
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         3rdly: with reference to the above proportion of size the number of households 
that should be selected from each class had been calculated. 
         Fourthly: Name and number of house holds of all [ahia] in each class were 
arranged in columns in an ascending order according to the number of house hold in 
each one. 
         Fifthly: a second column for the cumulative households was formed parallel to 
the first column, by adding the number of households in the first [hai] to the second 
one, then by adding the sum of the first two [ahia] to the next one and so on in this 
cumulative manner until reached to the last [hai] in the class. That a cumulative 
number would represent the total number of households in the class. 
         Sixthly:  factor K was calculated for each class by dividing the total number of 
the households in the class by the decided number of [ahia] that would be chosen 
from each one. 
         Seventhly: by using the tables of random numbers, the first figure which would 
be just smaller than factor K was determined. This figure was matched in a 
descending manner with the cumulative numbers of households for each [hai]. The 
first [hai] with a number of the cumulative households equal or just larger than the 
random figure that had picked over from the random table was selected as the first 
[hai] from the class. 
         Eighthly:  by adding one thousand to factor K, then by the same above steps the 
second [hai] was determined, and so on until completeness of the determined number 
of [ahia] from each class. 
         Ninthly: the selection of households from each [hai] was performed during the 
field work in a random way. A pencil was dropped in a centre place of each [hai]; 
from this starting point fifty steps were measured in the direction where the pencil 
was been pointed. 
         The first households on the right side would be chosen to be studied. Then each 
fifth house hold would be the next one and so on, until finishing the number of 
households required from that [hai]. If the households in the first direction that 
indicated by the pencil were not finished the required households, then the field team 
would retain to the central point and went on the other direction of the [hai]. Any 
selected households were visited maximally three times to insure participation. If any 
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house hold was not found or had refused to participate, then next nearest one would 
be chosen to substitute the missed one and in turn the next nearest if not responded 
and so on. 
         If the direction is not complete the number, the investigator retained to the 
centre and then went to opposite direction of [hai] and so on. 
2-7. Tools and techniques of  data collection: 
2-7-1.KAP Survey: 
         A structured pre-tested questionnaire was used to gather the data from the 
householder. The questionnaire was designed to collect information on the following 
variables: 
• Personal characteristics. 
• The housing conditions. 
• The high risk groups within the family. 
• Attitude and knowledge towards heat illness during summer season. 
• The source of health information. 
• Knowledge of first aids for heat stroke case. 
• Suggestions for authorities to fill the gap. 
         The questionnaire was designed in eight sections to cover the study variables. It 
was designed to accommodate both open and close ended questions.  The 
questionnaire contained 86 questions. 
         The questionnaire was tested in two [ahia] of Port Sudan which were not 
included in the ten sampled [ahia], and then the questionnaire was modified according 
to this test. 
         Permission from local and state authorities received and maps were secured. 
Twenty interviewers were selected and trained in two days by the investigator. 
         The data collectors were divided into four groups and each group had a 
supervisor.  The filled questionnaires were cleaned in the field in the same day, by 
both field supervisor and the principal investigator. 
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2-7-2.Compiled format sheets for secondary data: 
         Structured compiled sheets were prepared in both hard and electronic media. 
The data were first written in hard copy then entered to Excel sheet program, cleaned 
and conveyed into the SPSS program version 11.5. 
2-8. Data entry and analysis: 
         The data collected by the questionnaire and that of HS cases and Port Sudan 
Mortalities in addition to meteorological ones were entered and analyzed using SPSS 
version 11.5. 
2-9. Special analysis of  heat-related mortality at Port Sudan: 
         The heat-related mortality for Port Sudan town was estimated as follows: 
         The estimation was based mainly on the data of the year 2002. 
         The data of the number of daily deaths and recorded mean daily temperature for 
the whole year were obtained and tabulated in Excel-sheet. 
         The days of the year were rearranged ascendingly with regard to the mean daily 
temperature recorded in each day. 
         The range of the mean daily temperature for the days of the year was calculated. 
         The whole range of the daily temperature was calculated, and then the range was 
rearranged into series of 3°C successive overlapped bands at increments of 0.1°C. 
         The days of the year were then located in between these successive bands 
according to the mean daily temperature recorded in each day. 
         Hence any day would be located in more than one band. 
         The number of daily deaths was written against the day recorded on it. 
         Then the average mortality at each 3°C band was calculated, this by dividing the 
sum of deaths by the number of days within each band. 
         The 3°C band of lowest average mortality was then determined as the baseline 
band for Port Sudan town. 
         Then the average daily mortalities at temperature above below and within the 
band was calculated and compared with each other using T-test to give probability 
and the confidence limit of the difference between them. 
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         That mean difference was multiplied by the number of days per year at 
temperature above the baseline band to give the estimated annual heat-related 
mortalities at Port Sudan town. 
2-10. Limitations and challenge: 
         With the exception of the KAP survey, and FGDs, the other studied data were 
secondary data. Although the data of metrology have a reasonable degree of precision, 
the heat stroke cases and mortality records were deficient. 
         The heat-related mortality records cover the whole age groups, not the specific 
sensitive elderly age groups. 
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3. RESULTS 
3-1. Heat Stroke Cases: 
Table No. (1) The Recorded Heat Stroke Cases in Port Sudan Hospitals 
during the Period 1998-2003  
n = 698? ?
? ?
Heat stroke Cases Summer 
admission.? ?
Annual 
admission.? ?
 
Years % of Summer? ?% of 
Total 
Number 
2.999% 1.01% 117 3901 11587? ?1998? ?
1.73% 0.37% 63? ?3640 16853? ?1999 
2.14% 0.55% 86? ?4014? ?15533 2000 
4.61% 0.99% 165? ?3582 16749 2001 
3.95% 1.22% 193? ?4891 15883 2002 
1.53% 0.48% 74? ?4830 15473 2003 
2.81% 0.75% 698? ?24858 92078? ?Total 
? ?
Source: Health Information Centre, MOH, Red Sea State, Annual 
reports for the years 1998-2003. 
The total number of heat stroke cases, admitted to hospitals in Port Sudan is shown in 
(Table 1). 
 The recorded 689 heat stroke cases during the summer of year 1998 through 2003 
satisfied the selection criteria in this study. 
The highest number (193) of the heat stroke cases was recorded in the year 2002 
followed by year 2001. Since 1999 the number of heat stroke cases was in significant 
increase until the year 2002 after that there was a noticeable decrease in the number 
of cases in the year 2003. Out of all admissions during the six year, the percentage of 
heat stroke cases was 0.75%, while during the summer time it was 2.81%. The 
percentage of heat stroke cases during summer ranged between 1.73% in the year 
1991 and 3.95% in the year 2002. 
Table 2 demonstrated that the percentage of heatstroke death out of all deaths during 
the period (1998-2003), was (7.59%). However, the percentage of heat stroke deaths 
during the summer months of same period increased up to (20.63%). 
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? ?
Table No. (2) The mortality among heat stroke cases in Port Sudan 
hospitals during the period 1998-2003. 
n = 197 
? ?
Heat stroke mortality Summer? ?
hospital 
mortalities? ?
Annual 
hospital 
mortalities? ?
 
Years % out of 
summer 
mortalities? ?
%out of 
annual 
mortalities
Number 
of deaths
23.15%? ?4.27% 25 108? ?585? ?1998? ?
37.00% 6.37% 37 100 581 1999? ?
24.55% 6.60% 27? ?110 409 2000 
32.31% 10.77% 42? ?130? ?390 2001 
43.36% 14.00% 49 113 350 2002 
18.09% 6.05%? ?17 94 281 2003 
20.63% 7.59% 197? ?955 2597 Total
? ?
Source: Health information Centre, MOH, Red Sea State Annual reports 
1998-2003. 
 Also there were considerable variations within this study period between the years 
concerning the proportion of the heat stroke specific mortality out of both the total 
annual and summer hospital mortalities. The heat stroke specific mortality for each 
study year, i.e. 1998, 1999, 2000, 2001, 2002, 2003 was 4.27%, 6.37%, 6.6%, 
10.77%, 14.00% and 6.05% respectively. The heatstroke mortalities during the 
summer months in the same period (1998–2003), were 23.15%, 37.0%, 24.55%, 
32.31%, 43.38, % and 18.09% respectively. 
The annual average mortalities of the heatstroke cases during the summer months in 
this study period (1998-2003), was one-fifth out of the hospital mortalities (20.63%), 
while the range of this mortality extended between 43.38% in the year 2003 and 
18,09% in the year 2003. 
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3-1-1.Personal characteristics of heatstroke cases: 
? ?
Table No. (3) Distribution of heat stroke cases by age groups in Port Sudan 
during the period 1998-2003. 
n =676 
 
Cumulative 
percent? ?
Valid 
percent 
Frequency Age (in years)? ?
3.8 3.8? ?26? ?< 5 
5.6 1.8 12 5-14? ?
13.5 7.8 53? ?15-24 
46.3 32.8 222? ?25-44 
67.6 21.3 144? ?45-59 
95.1 27.5 186? ?60-74 
100 4.9? ?33? ?75and more 
 100.0 676? ?Total 
 
Out of 689 heatstroke cases, 502 were males (72.9%), where as the rest (187) cases 
were female (27.1%). 
The ages were recorded for 676 heatstroke cases out of the studied ones (91.1%). The 
age distribution of the heatstroke cases was concentrated mainly in three age groups, 
which cover more than 80% of the cases. The highest distribution was 32.8% within 
the age group (25-45 years) followed by 27.7% for the age group (60-74 years) and 
21.3% for the age group 45-59 years. The rest of heatstroke cases 18.4% distributed 
between the remained age groups in the following sequences, 7.8% for the age group 
(15–24 years), and 4.9% for those aged 75 years old and above, 3.8% for those less 
than 5 years old. 
The lowest age group distribution was 1.9% in the age group (5-14 years). The 
extremities age groups above 60 years and below 5 years represented 3.62% of the 
total cases (Table 3).                  
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FIGURE (1) OCCUPATION OF HS CASES AT PORT SUDAN TOWN 
FOR THE PERIOD 1998-2003. 
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      Occupation styles 
The occupations of the heat stroke cases are shown in (Figure 1). The occupations of 
473 cases were obtained from the hospital records, while the records of the rest (225) 
were missed. Therefore they were excluded. About 39% were housewives, retired 
and elders,  43.3% were laborers engaged in exertional works, 9.7% were sedentary 
works, 6.13% were direct sun-exposure jobs, mainly beggars and wondering sellers, 
and 2.1% were prison inmates, either at psychiatric sanatorium, or prisons. 
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FIGURE (2) DISTRICT OF RESIDENCE OF THE HS CASES AT PORT 
SUDAN TOWN FOR THE PERIOD 1998 ـ ـ ـ2003. 
  n=689 
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Figure 2 shows that 30.09% of the cases resided in the central part of the town, while 
32.4% and 28.4% of them resided in the southern and eastern parts of the Port Sudan 
town respectively. In addition 3.58% were visitors and 5.6% of the cases their 
residences were not registered. 
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 FIGURE (3) THE DISTRIBUTION OF HS CASES BY CLASS OF 
RESIDENCE IN PORT SUDAN TOWN FOR THE PERIOD 1998 ـ ـ ـ2003. 
n=689 
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More than two-third  (67.2%) of the victims resided in  class three area, 10.3% in 
class four, 8.0% in class two and 3.0% in class one. Whereas 6.0% of the cases either 
lived in unidentified areas, like the markets or they were foreigners to Port Sudan. 
Lastly 5.6% of them their residents were not registered (Figure 3). 
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Table No. (4) Other illnesses detected among heat stroke cases in Port 
Sudan town during the period 1998-2003. 
n = 335 
 
Diseases 
Number 
of 
cases 
percentage 
Malaria 8 2.4 
Infectious 54 16.1 
DM 24 7.2 
Cardiovascular 32 9.6 
Psychiatric 21 6.3 
Other, cold 
illnesses 
18 5.4 
No. co-morbid 
illness 
178 53.1 
Total 335 100 
 
Co-morbid diseases: 355 heatstroke cases (48.6%), out of the total 689 had a record 
concerning the presence or absence of co-morbid disease. 157 heatstroke cases 
(46.9%) out of 335 had a co-morbid disease. 95 cases had chronic diseases (28.36%). 
9.5% of the  co-morbid diseases were cardiovascular disorders, 7.1% diabetes 
mellitus, 6.3% psychiatric illnesses and 5.3% were malignant and traumatic 
problems. The remaining 62 cases (18.5%) of the co-morbid diseases were acute 
febrile illnesses that were malaria (2.2%) and variable infectious diseases (16.1%) 
(Table 4). 
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The distribution of these co-morbid other diseases did not show significant statistical 
differences neither between different age groups (P=0.151), nor between different 
class of residency (P=0.467). 
         
 FIGURE (4) TREND OF CASE FATALITY RATE OF HEAT STOKE 
CASES IN PORT SUDAN TOWN FOR THE PERIOD 1998-2003. 
n=197 deaths out of 698 
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The differences between the years in the numbers of cases and deaths are significant 
(p=0.001).Also the difference between years in case fatality rate is significant (P=0.002) 
 
Figure 4 illustrates the case fatality of all cases in this study period. The numbers 
and percentage of the specific heatstroke deaths for each year as follows:  25 (21.3%) 
for the year (1998), 37 (58.7%) for 1999, 27 (31.4%) for 2000, 42 (25.5%) for 2001, 
49 (25.4%) for 2002 and 17 (23%) for the year 2003. 
         Apart of the relatively low percentage 21.3% in the year 1998 and the peak rise 
in 1999 (58.7%), the trend showed a gradual drop in subsequent years. 
         There is statistically significant difference between study years concerning the 
total number of heat stroke cases (P = 0.004), annual heatstroke specific mortality (P 
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= 0.001), and annual cases fatality rate (P = 0.002). Also the heatstroke specific 
mortality is statistically significant affected by the difference in age groups (P < 
0.05). 
        FIGURE (5A) DAYS OF ADMISSION OF HS CASES AT PORT 
SUDAN TOWN FOR THE YEAR 1998. 
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 FIGURE (5B) DAYS OF ADMISSION OF HS CASES AT PORT SUDAN 
TOWN FOR THE YEAR 1999. 
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FIGURE (5C) DAYS OF ADMISSION OF HS CASES AT PORT SUDAN 
TOWN FOR THE YEAR 2000. 
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FIGURE (5D) DAYS OF ADMISSION OF HS CASES AT PORT SUDAN 
TOWN FOR THE YEAR 2001. 
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The admission days of heatstroke cases during the period 1998–2003 are shown in 
(Figure 5). In the most of the years the days extended from July to August. 
Nevertheless, few cases were admitted as early as forth of June and others delayed as 
late as 9th of September. The annual duration of these days of admission was ranged 
between five to thirteen weeks. The highest percentage of the heatstroke cases were 
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admitted in a short duration of days (the peak of admission), which ranged between 
six to sixteen days.  
FIGURE (5E) DAYS OF ADMISSION OF HS CASES AT PORT SUDAN 
TOWN FOR THE YEAR 2002. 
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FIGURE (5F) DAYS OF ADMISSION OF HS CASES AT PORT SUDAN 
TOWN FOR THE YEAR 2003. 
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The date of these annual peaks of admission days were varied, but just within July and 
August. During the year 1998 the highest percentage of cases were admitted at the 
end of July and tenth of August. During the 1999 the picture is similar to that of the 
year 1998, i.e. the highest admissions were in 23rd of July and 24th of August. During 
2000 and 2001 the highest admissions were in beginning and end of July only, 
respectively. While both the years  
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FIGURE (6) TIME OF ARRIVAL OF HS PATIENT TO THE HEALTH 
FACILITY AT PORT SUDAN TOWN FOR THE PERIOD 1998-2003. 
n=146 
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2002 and 2003 had shown the highest admission during the August month. 
Time of arrival of heatstroke cases to health facility is shown in (Figure 6). That 
17.4% out of the 146 heatstroke victims were attended to the hospital in the morning, 
43.2% of the cases in the afternoon and 39.4% were attended in the evening. 
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FIGURE (7) MONTHLY DISTRIBUTION OF HS CASES IN PORT 
SUDAN TOWN FOR THE PERIOD 1998- 2003. 
n=689 
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The distribution of the heatstroke cases according to the months of the year 1998–
2003 is shown in (Figure 7). Half of the cases (50.1%) occurred in July, 47.5% in 
August and only 2.1% in June, whereas four cases (0.3%) were in September. 
3-2. The assessment of  the variability of  the weather element in hot 
and other seasons: 
         The hot period in Port Sudan town and the crude association with heat stroke 
death is shown in (Figure 8 and 9). The average mean monthly maximum 
temperature for the years (1971-2003) -that reflected the norm of the tow- 
demonstrated clearly the extreme upwards direction of the curve between June and 
September, which reached the peak at August. This result was in accordance with the 
graph of the monthly based recorded of all heatstroke deaths since the first recorded 
death at Port Sudan town and up to date (i.e.1918-2003). The monthly heat stroke 
specific deaths occurred mainly between June and September with only one sporadic 
heat stroke death in each of May and October (Figure 9). 
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FIGURE (8) THE MEAN MONTHLY MAXIMUM TEMPERATURE 
RECORDED DURING THE PERIOD 1971-2003 IN PORT SUDAN 
TOWN.  
n = 12 
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FIGURE (9) REGISTRATION OF MORTALITY DUE TO HEAT STROKE 
IN MONTHLY BASE FOR THE PERIOD 1918-2002 IN PORT SUDAN 
TOWN. 
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Source: CBS_ Red Sea State 
 
 
   
72 
 
Table No. (5) Comparison of the weather variables in hot and other 
seasons in Port- Sudan town during the period 1998-2003. 
 
Weather 
variables 
 
Seasons 
 
Mean 
Std. 
Deviation 
 
Range 
T-test 
P_value
 
 
Maximum 
Temperature 
Hot season 41.74 2.08 6.40  
 
0.000 
Other 
seasons 
 
31.45 
 
3.85 
 
14.40 
All the 
year 
34.88 5.93 20.60 
 
Minimum 
Temperature 
Hot season 28.61 2.02 5.90  
0.000 Other 
seasons 
21.26 2.41 8.70 
All the 
year 
23.71 4.17 14.40 
 
Mean Dry 
Temperature 
Hot season 35.17 1.98 5.50  
 
0.000 
Other 
seasons 
 
26.35 
 
2.96 
 
9.80 
All the 
year 
29.29 4.97 16.00 
 
Relative 
Humidity 
Hot season 42.85 7.09 26.00  
 
0.000 
 
Other 
seasons 
 
65.05 
 
10.23 
 
45.00 
All the 
year 
57.65 14.03 65.00 
 
Rainfall 
Hot season 1.62 5.65 25.00  
 
0.037 
Other 
seasons 
 
11.40 
 
27.62 
 
122.80 
All the 
year 
8.14 23.16 122.80 
 
Wind Speed 
Hot season 6.10 1.77 8.00  
 
0.029 
Other 
seasons 
 
7.05 
 
1.43 
 
4.00 
All the 
year 
6.73 1.60 8.00 
 
The hot season includes months from June through September. 
The comparison of the mean values of the weather elements (maximum, minimum 
mean temperature, relative humidity, rain fall and wind speed) between summer 
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season (hot), other seasons and for the whole year for the years (1998-2003) is 
demonstrated by (Table 5).     The mean maximum temperature for the hot season 
was (41.74˚C) In comparison to the other seasons mean maximum temperature 
(31.45˚C) and that of the total years (34.88˚C). There were statistical significant 
differences (P< 0.001) between the hot seasons mean maximum temperature and the 
other seasons. The mean minimum temperature for the hot season was (28.61˚C) 
compared to (21.3˚C) and (23.7˚C) for the other seasons and the whole year 
respectively. The difference was statistically significant (P<0.001) between hot 
season and other season of the year as regard the mean minimum temperature. The 
calculated means of dry temperatures for the hot, other season and the whole year 
were (35.17˚C), (26.35˚C) and (29.29˚C) respectively. Also the comparison between 
the means of the dry temperature of the three categories revealed a highly significant 
differences (P=0.00). The recorded means relative humidity for hot, other season and 
whole year were 42.85%, 65.05% and 57.65% respectively. 
         The relative humidity was statistically significant higher during other seasons 
of the year than the hot one (P <0.001). Also the mean relative humidity was lower in 
hot season compared to other seasons of the year. 
         The calculated mean of the rain fall for each category i.e. hot, other seasons and 
whole the year was: 1.62mm/d, 11.4mm/d and 8.14mm/d, consequently. The 
difference is statistically significant (P=0.037), which coincide with the relative 
humidity, i.e. less rain fall in the hot season than that of the other two categories. 
         The recorded means wind speed for the three categories were 6.1m/s, 7.0m/s 
and 6.7m/s for the hot, other season  and whole year respectively. The comparison 
between the wind speed, during the hot season and others showed statistically 
significant difference (P=0.029). Whereas the hot period was not differ so much from 
the average of the whole the year in mean wind speed (Table 5). 
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Table No. (6) The directions of dominated winds at both hot (summer) and 
other seasons in Port Sudan town during period 1998-2003. 
 
Wind direction Hot season Temperate season Total 
Count 
Month 
North 
% Season 
% Total 
6 
 
 
25% 
8.3% 
36 
 
 
75% 
50.0% 
42 
 
 
58.3% 
 
Count 
Month 
West 
% Season 
% Total 
9.6 
 
 
40% 
13.3% 
0.0 
 
 
0.0% 
0.0% 
9.6 
 
 
13.3% 
Count 
Month 
Northeast 
% Season 
% Total 
7.2% 
 
 
30% 
10.0% 
8.4% 
 
 
17.5% 
11.7% 
15.6% 
 
 
21.7% 
 
Count 
Month 
North West 
% Season 
% Total 
0.0 
 
 
0.0% 
0.0% 
3.6 
 
 
7.5% 
5.0% 
3.6 
 
 
5.0% 
 
Count 
Month 
South West 
% Season 
% Total 
1.2 
 
 
5.0% 
1.7% 
0.0 
 
 
0.0% 
0.0% 
1.2 
 
 
1.7% 
Count 
Month 
Total 
% Season 
% Total 
24 
 
 
100% 
33.3% 
48 
 
 
100% 
66.7% 
72 
 
 
100% 
100% 
 
P. value = 0.00 
 
The direction of dominated wind in hot and other season during the period 1998–
2003 is shown in (Table 6). During the hot season the dominated winds were varied 
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in their directions. The Northeast wind which the most humidified one were 
dominated 30% of the season, and the other drier wind covered the rest. On the other 
hand, the other seasons dominated mainly by three winds, which were North wind for 
75%, Northwest wind was dominating 7.5% and the humid Northeast wind was 
dominating 17.5% of the season. Nevertheless, these different dominating winds 
shows statistical difference between hot and other seasons (P= 0.001). These findings 
were going with relatively higher level of humidity during the other seasons of the 
year.  
These findings on Table 6 were in accordance with the correlation of the mean dry 
temperature with both relative humidity which was strongly negative (r=-0.84), and 
also the same with the wind speed (r=-0.77) and weekly negative correlated with rain 
fall (r =-0.18) (Annex 1). 
3-2-1.The overall trend of the Port Sudan temperature: 
FIGURE (10A)TREND OF MONTHLY MAXIMUM TEMPERATURE IN 
PORT SUDAN TOWN FOR THE PERIOD 1990- 2003. 
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FIGURE (10B) THE TREND OF MONTHLY MINIMUM 
TEMPERATURE IN PORT SUDAN TOWN FOR THE PERIOD 1990- 
2003. 
Years
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 The plot in (Figure 10a) demonstrated the up wards trend of the mean maximum 
temperature of each month in the years 1990-2003 compared to the averages of the 
mean maximum temperature of the whole period. The plot in Figure 10b is shown 
the trend of the monthly means minimum temperature of the same period 1990-2003, 
against its average means. 
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FIGURE (11) MEANS MONTHLY MAXIMUM TEMPERATURE OF THE 
YEARS 1971-_2003 AND YEARS 1998-_2003. 
 
p_value = 0.000
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P. value=0.00 
The comparison between the average monthly means maximum temperatures for the 
period 1998-2003 and the referral period (1971-2003) is shown in (Figure 11). The 
plot of the period (1998-2003), was higher than the plot of the period (1971-2003), 
this difference was found to be highly statistically significant (P= 0.00). 
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FIGURE (12) MEANS MONTHLY DRY TEMPERATURE OF THE YEARS 
1971-2003 AND YEARS 1998-2003. 
p_value= 0.004
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 P value=0.00 
 
The comparison between averages means monthly dry temperature is shown in 
(Figure 12). The comparison again was reflecting a highly statistical significant 
difference of the average mean monthly dry temperature of the years (1998-2003), 
against the period of the years (1971-2003), (P= 0.004). 
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3-2-2.Means monthly minimum temperature: 
FIGURE (13) MEANS MONTHLY MINIMUM TEMPERATURE OF THE 
YEARS 1971-2003 AND YEARS 1998-2003. 
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There was no statistical significant difference between the two average means 
monthly minimum temperature of the period (1998-2003) and the period (1971-
2003), although the figure showed the plot of the period (1998-2003) was higher than 
its pair during summer period (June- September) (Figure 13). 
3-3. The association between the heat stroke cases and daily maximum 
temperature: 
         The distribution of the 698 heat stroke cases according to the dates of their 
hospital admission and with referral to maximum temperatures recorded on the 
admission days is shown in (Annex 2). The maximum temperature of admission days 
ranged between the lower limit (36.7˚C) and the highest recorded temperature 
(48.3˚C). This range of the daily maximum temperature of HS admissions was 
recorded in 887 days (40.48%) out of the study period (i.e. 1998-2003). Almost 95% 
of the heat stroke cases were recorded within a range of maximum temperature 
between 39.5°C and 47.3°C. The numbers of the remaining heat stroke cases that 
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recorded against maximum temperatures out side this 95% range were only 12cases 
(1.74%) below and 23 cases (3.35%) above. 
        FIGURE (14) ASSOCIATION OF MAXIMUM 
TEMPERATURE AND HS CASES IN PORT SUDAN DURING 
THE PERIOD 1998-2003. 
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 The histogram in Figure 14 demonstrated the gradual increase of heat stroke cases 
with increased maximum temperature. A sudden jump of the cases was at 44°C, and 
then almost doubled at 45°C. The maximum temperature 45°C was the temperature 
of the highest number of heat stroke cases recorded.  Higher than the 45°C there was 
three degrees were recorded i.e.46, 47 and 48°C.The plot of the cases reported within 
these higher three degrees dropped in 46°C, about quarter the pervious number of 
cases i.e. at 45°C, then raised a few at 47°C, but at the highest 48°C a noticeable drop 
in the number of the recorded heat stroke cases was shown. The histogram was left 
skewed during these risky days of maximum temperature. This left skewing 
reflecting roughly the positive association between the heat stroke cases and the daily 
maximum temperature, where as, no cases reported above 48.3°C. 
         The effect of the lagged maximum temperatures and the estimation of the 
expected daily numbers of heat stroke cases are shown in (Annex 3). The regression 
analysis was adopted to investigate the influence of the daily maximum temperature 
on the numbers of heat stroke cases registered. The correlation coefficient was 
calculated for the maximum temperatures recorded on the same day of the 
registration and the lagged maximum temperature one, two and three days previous 
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to the day of the admission of the cases, against the daily recorded numbers of the 
heat stroke cases. The correlation coefficient was (r= 0.353) and r-square equal 
(0.124). The regression model indicated that 12.4% of the variations on the heat 
stroke cases were explained by the changes resulting in the maximum temperature on 
the same day and that of one, two and three previously lagged ones, while 87.6% of 
the variance was due to other factors. Analysis of variance (Annex 4), gave F-ratio 
value equal (74.113) with high significance (P=0.00).This verified that the 
relationship is significant as a whole. The t-test on Annex 4d showed the individual 
effect of each separate daily maximum temperature on the  numbers of the heat 
stroke cases, and the coefficient for each maximum temperature was calculated for 
the same day .This revealed the following results, for the same day maximum 
temperature (P=0.074), lagged one day (P=0.327), lagged two days (P=0.224) and 
lagged three days (P=0.573).This indicated that none of the maximum temperature 
proxy variables alone was statistical had a significant effect on the cases of the heat 
stroke cases. 
         Annex a5 explains the correlation and regression analysis of heat stroke cases 
with maximum temperature during the year 2002.. Since the year 2002 witnessed a 
considerable effort in the registration, so the estimation of the regression model was 
limited to this year. 
         The correlation coefficient was developed to be (r=0.51), and the regression 
model indicated that 25.9% of the variations on the heat stroke were explained by the 
changes resulting in the maximum temperature of the same day, and one, two and 
three days lagged daily maximum temperature, while 74.1% of the variations are due 
to other factors. 
         The F-ratio on Annex c5 verified that the relationship was significant as whole, 
since F=31. 468, and (P=0.00). The t-test), clarified the individual effect of the daily 
maximum temperature on the heat stroke cases. Also the test indicated that, only the 
unlagged maximum temperature had a statistical significant effect on the cases of the 
heat stroke. Accordingly, the regression model was being: 
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Model '1' 
         The estimated Numbers of heat stroke cases =-4.594 + 0.081 * Unlagged 
maximum temperature (t) + 0.056 * lagged maximum temperature (t1) - 0.22 * 
lagged maximum temperatures (t2) + 0.032 * lagged maximum temperature (t3). 
         For further consolidation the correlation was exercised again between the heat 
stroke cases for the whole study period (1998-2003) with the other weather variables 
"maximum temperature, relative humidity and wind speed". The Pearson correlation 
revealed significant correlation. The correlation coefficients between the numbers of 
HS cases and the weather variables were calculated as follow: +0.349 with maximum 
temperature, -0.275 with RH% and + 0.102 with wind speed as shown in (Annex 15, 
16). A second model can be created to estimate the numbers of heat stroke cases per 
a day. 
Model '2' 
         The daily expected number of heat stroke cases= -1.816 + 0.075 maximum 
temperature - 0.006RH-0.020 wind speed. 
3-4. The impact of  temperature on population mortality: 
        FIGURE (15) AVERAGE NUMBER OF MORTALITY CASES IN 
RELATION TO MEAN MONTHLY TEMPERATURE DURING THE 
PERIOD 1998-2003. 
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Correlation coefficient =0.646.  P=o.o17 at 95% confidence level. 
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 The general feature of the effect of the temperature on the population mortality was 
shown in (Figure 15). The figure was reflecting the average of means monthly 
temperature of the last fourteen years for the period (1990-2003). The lowest average 
monthly mean was 22.5°C of the month February. Where as 35.57°C was the highest 
average mean, for the month August. The range between these average means was 
13.07°C.These average monthly mean temperature was found moderately positive 
correlated with mean monthly total population mortality of the town. The mean 
annual mortality was 529 deaths. Where as the average mean monthly mortality was 
ranged between 33 deaths in the February and 55 deaths in August. The range of the 
average mean monthly mortality was 22 deaths. The correlation coefficient was 
(r=0.646) which was statistically significant (P=0.017).This means that the Port 
Sudan whole population mortality was affected significantly by the fluctuations of 
the monthly temperature, in addition to other factors. 
3-5.The Calculation of  the annual heat and cold related mortality: 
         For the convenience of this study, the exercise was done again for the year 
2002 only, since it witnessed a considerable effort in the registration and data 
management. 
       ? ?
Table No. (7) Estimation of the mortality within the temperature bands for 
the year 2002 in Port Sudan town, 2003. 
 
 
 
The bands 
 
Temperature 
band range (c)ْ 
 
Average 
daily 
mortalities/437224 
Average 
Daily 
Mortalities
/million 
 
No. of 
days 
 
No. of 
mortalities 
Baseline 
band 
(minimum) 
20.45-2345c 1.37 3.13 46 63 
Maximum 
mortalities 
band 
37.65-40-65 2.37 5.81 13 33 
Above base 
line band(hot 
zone) 
>23.45ْc 1.72 3.93 313 539 
Below base 
line band 
(cold Zone) 
<20.45cْ 1.63 3.73 6 18 
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Table No. (8) Annual heat and cold related mortality for the year 2002 in 
Port Sudan town, 2003. 
 
  
Lower 
limit 
difference 
 
Upper limit 
difference 
 
Mean difference 
mortality/437224 
Mortalities 
/million 
population 
Difference 
from 
baseline 
band 
P_value 
Annual 
heat 
related 
mortality 
0.2×313=  
63 
0.51 313× = 
166 
0.36×313= 113 305 
 
0.00 
Annual 
cold 
related 
mortality 
0.15×6= 
01 
3.11×6= 
19 
1.63 ×6 = 
10 
23 0.037 
 
The determination of the temperature of minimum mortality for the Port Sudan 
people i.e. the base line temperature is shown in (Tables 7, 8 and Annex 6). The data 
of the mean daily temperature was arranged in 3˚C successive bands at increments of 
0.1˚C. This produced 201 bands. The numbers of both, the days and the daily 
mortality were written against each convenient band. The number of days within 
bands was varied from one band to another. The higher number of days recorded 
within one band was 84 days, and the lower was 9 days. The numbers of mortalities 
increased with ascending or descending away from base line band. The minimum 
mean daily mortality recorded was 1.37/per Port Sudan population or (3.13/million), 
i.e. "the number of mortality over the number of days within each band". The 
minimum mean daily mortalities were within the 20.45˚C-23.45˚C temperature band. 
This minimum temperature band was the base line temperature of Port Sudan people. 
This means that within this 3˚C range of temperature the mean daily mortalities of 
Port Sudan people dropped to the lowest level. The number of days within this base 
line temperature band was 46 days and 63 deaths were recorded. The people of Port 
Sudan town spend only 46 days within the most convenient rang of temperature. The 
maximum daily mortality rate was 2.54(5.81/million), which calculated within the 
3˚C temperature band ranged between 37.65˚C-40.65˚C. This band of maximum 
mortality rate contained 13 days and 33 deaths. The calculated average daily 
mortality at temperatures above the base line band was 1.72/population, or 
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(3.93/million).The above zone of temperature bands was involving 313 days and 539 
deaths. The temperature zone below the bases line band was below 20.45˚C. This 
lower range period involved six days and eighteen deaths, and the average daily 
mortality was 1.63/population, or (3.73/million). 
 The calculated heat and cold related mortality is shown in (Table 7, 8).  The annual 
heat related mortality per million populations estimated from the following equation: 
(The number of days above the base line band) × (The mean difference between the 
number of mortality above and within the base line band × (million/ 437224). 
The annual cold related mortality estimated from the following equation: 
(The number of days below the base line band) × (The mean difference between the 
number of mortality below and within the base line band× (million/ 437224). 
The annual heat related mortality was (305 deaths/million) with a range of (144 - 380 
/million). The annual cold related mortality was (23/million) while the range was (3-
44/million). 
3-6. The KAP of  the Port Sudan population as regard to the heat 
stroke: 
Table No. (9) The Social Status of the Respondents in Port Sudan town 
(2003). 
Percentage Frequency Marital status 
76.3% 306  Married 
18%  72  Single 
2%  8  Divorce 
 
3.7%  
 
15  
Widower  (wider 
lady) 
100%  401  Total 
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       Table No. (10) Distribution of respondents according to the name and 
class of Hai in Port Sudan town, 2003. 
 
 Class of the hai  
Total Name of hai Class 
one 
Class 
two 
Class 
three 
Class four 
Daim Madina         No 
% 
27 
6.7% 
    
Hai Ashati               No 
% 
 15 
3.7% 
   
Salalab                   No 
% 
  79 
19.7% 
  
Dar Ennaiem         No 
% 
  46 
11.5% 
  
Dar Assalam          No 
% 
  61 
15.2% 
  
New Airport hai     No 
% 
  18 
4.5% 
  
Al_wohda                No 
% 
  29 
7.2% 
  
Althora                   No 
% 
  55 
13.7% 
  
Korea                      No 
% 
  32 
8.0% 
  
Al_ingaz                   No 
% 
   39 
9.7% 
 
Total                        No 
% 
27 
6.7% 
15 
3.7% 
320 
79.8% 
39 
9.7% 
401 
100.0%
  
  The demographic and socioeconomic characteristic of respondents is shown in 
(Tables 9, 10 and 11). Four hundred and one respondents' representing ten hais of 
Port Sudan town were categorized into four residential classes. The number and 
percentage of respondents in class one; two, three and four were 6.7%, 3.7%, 79.8% 
and 9.7%, respectively. 
 The gender distribution of the respondent s indicated that 78.3% were males and 
21.7% were females. Table 10 showed that, 76.3% were married, 18% were single, 
2% were divorced and 3.7% were widowers or widow ladies. 
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 Table No. (11) The Heatstroke high Risk groups included within 
Respondents Households, in Port Sudan town, 2003. 
n = 401 
The house holds containing above 
65 year old 
The households 
containing under fives 
Number of 
persons per 
household   of  Total% Number   of Total%  Number 
15.5% 62  25.7% 103  One 
2%  8 13.5% 54 Tow 
0.5% 2  3.5%  14  Three 
_  _  0.2%  1 Four 
18% 72%  42.9% 172 Total  
  
Difference between classes of Residency, (p = 0.059 
Difference between different Monthly income, (p = 0.84). 
Difference between different daily expenditure, (p = 0.55).  
FIGURE (16) DISTRIBUTION OF RESPONDENTS ACCORDING TO 
TRIBE IN PORT SUDAN TOWN, 2003. 
n=401 
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The Tribes of Respondents 
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The distribution of respondents by tribes is shown in figure 16. About 39.6% of the 
respondents were originally from northern and central Sudan, 29.44% were from the 
western part of the country, 16.8% were Bany Amer, 12.7% were Beja, 1% was 
Southern and 0.5% was foreigners. 
The level of education of respondents varied between illiterate and other levels of 
education as follows: 9.7% were illiterate, 11.5% were Khalwa, 23, 9% primary, 
13.2% intermediate, 29.2% secondary, 12.2% university and 0.2% Post University 
(Figure 17). 
FIGURE (17) DISTRIBUTION OF RESPONDENTS ACCORDING TO THE 
LEVEL OF EDUCATION IN PORT SUDAN TOWN, 2003. 
n=401 
 
Post graduate
University
Secondary
Intermediate
Primary
Khalwa
Illetrate
P
er
ce
nt
35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.0
12.2
29.2
13.2
23.9
11.5
9.7
 
Level of education 
 
 
 
 
 
 
 
 
 
 
   
89 
 
FIGURE (18) DISTRIBUTION OF RESPONDENTS ACCORDING TO 
OCCUPATION IN PORT SUDAN TOWN, 2003. 
n=401 
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The respondents were distributed according to their occupation in Figure 18 as 
follow: permanent laborers 19.0%, professions 12.2%, housewives 11.2%, 
technicians 5.2%, merchants 5.0%, students 1.7% and others represent 5.2%. 
The distribution of the respondents according to daily and monthly income is shown 
in annex 8. It revealed that 12.7% of the respondents had monthly income below 105 
Sudanese bounds, 4.9% their daily expenditure were below 3.5 Sudanese bounds. 
The majority 86.9% their monthly income ranged between 105 Sudanese bounds and 
less than 1000 Sudanese bounds. Only 0.6% of the respondents their monthly income 
equaled or larger than 1000 Sudanese bounds. 
The number of the family members of the interviewed households was 2225 persons. 
51.2% of the family members were males and 48.8% females. The percentage of 65 
year old and more was 2.9%, while those who were 2 year or below was 4.9%. The 
percentage of the ages high risk groups was 7.8% family members. 
As shown in Table 11, 42.9% of the interviewed household involved at least one 
person aged below 5 years old and 18% of them had at least one person aged  65 
years and above. 
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About 7.7% of the total household members were having at least one of the health 
conditions that increased the vulnerability to heat disorder as detailed in (Annex 9). 
Three percent of the total members of the investigated household were using at least 
one of the drugs that enhancing and increasing the risk of heat disorders as detailed in 
(Annex 10). 
Table No. (12)The housing setup that enhancing the mitigation of the 
harmful effects of the high environmental Temperature. 
n = 401 
Percentage of 
houses 
Frequency of 
houses 
  No
27.4%  110  House made of wood. 1 
96.5% 387  House at floor ground. 2 
47.1%  189  Sustainable electric supply. 3 
43.4%  174  Sustainable water supply. 4 
45.1%  181  Having electric fans. 5 
30.4%  122  Enough electric fans. 6 
12.7%  51  Having air conditioners. 7 
8.7%  35  Having appropriate working air conditioners. 8 
39.4%  158  Having telephone. 9 
2.7%  158  Having room thermometer. 10 
1.5%  6  Device measuring humidity. 11 
26.4%  106 Plants & tree in and surrounding the house. 12 
77.8%  312  Absence of high and concrete made building.13 
67.3%  270  Away from asphalt roads. 14 
  
* Percentage of housing adequacy = 2259/5614 = 36.36. 
* P.Value = 0.00. 
  
 The fourteen questions that arguing the comfort of the housing situation to decrease 
the risk of heat stroke were provide 5614 responses. The percentage of the responds 
in favor of the adequate house conditions were 36.4%, against 63.6.6% was 
supporting discomfortable housing conditions (P= 0.00). The housing conditions 
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were an inappropriate to protect from the risk of heat stroke and other heat illnesses 
in Port Sudan town (Table 12). 
        FIGURE (19) RESPONDENTS OPINION CONCERNING 
PERCEPTION OF TEMPERATURE DURING LAST YEARS IN PORT- 
SUDAN TOWN, 2003. 
n=401 
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 More than tow third 63.1% of the respondents felt that the environmental 
temperature decreased in the resent years, where the rest 32.4% of them felt other, 
(Figure 19). 
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FIGURE (20) THE MOST COMMON DISEASES DURING SUMMER IN 
PORT SUDAN TOWN, 2003. 
n=401 
The most common diseases during summer 
in Port Sudan
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Heat related
 
 
The majority (68.8%) of the respondent mentioned that heat illnesses were usual 
diseases during summer in Port Sudan (Figure 20). 
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Table No. (13) Hearing about specific heat illnesses in Port Sudan town, 
2003. 
n = 401 
Total No Yes  Heat illnesses 
401  8  393 Count  
Hearing heat 
stroke 100.0% 2.0% 98.0% %  
401  326  75  Count  
Hearing heat 
exhaustion 100.0%  18.3%  18.7% %  
401  335  66  Count  
Hearing heat muscle 
cramps 100.0%  83.5%  16.5% %  
401  270  131  Count  
Hearing heat 
syncope 100.0%  67.3%  32.7% %  
401  376  25  Count  
Mentioned others 
100.0%  93.8%  6.2%  %  
  
The percentages (98%, 18.7%, 16.5%, 32.7% and 6.2%) of the respondents who 
heard about (heat stroke "sun stroke", heat exhaustion, muscle cramps, heat syncope 
and others heat illnesses) respectively (Table 13). 
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FIGURE (21) RESPONDENT'S OPINION CONCERNING THE 
SERIOUSNESS OF HEAT STROKE PORT-SUDAN TOWN 2003. 
n=395 
Opinion of respondents about the heat stroke from
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Figure 21 shows that 67.3% of the respondents believed that heat stroke was a fatal 
disease, 4.6% believe it was a disabling disease and 25.3% believed it as a simple 
curable disease. 
FIGURE (22) KNOWLEDGE OF RESPONDENTS PERSON(S) 
BECOMING VICTIM OF HEAT STROKE OR/AND HEAT EXHAUSTION 
IN PORT SUDAN TOWN, 2003. 
n=395 
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 More than half (53.1%) of the sampled households experienced knowledge of 
person(s) who had heat stroke or heat exhaustion (Figure 22). 
         Table No. (14) Percentage of the respondent knowing the cases of 
heat illnesses according to the social relation in Port Sudan town, 2003 
n = 401 
 
Percentage Frequency  
7.5%  30  1. The same household 
14.2%  57  2. Kins folk (Sib)
30.9%  124  3.Friends & neighbors
6.0%  24 4. Strangers
  
Table 14 showed that 7.5% of the respondents experienced cases of heat stroke 
within their household, 14.2%among their kinsfolk and relatives, 30.9% from their 
friends and neighbors and 6.0% where strangers to them. 
       FIGURE (23) THE NUMBER OF HEAT STROKE CASES KNOWN BY 
THE RESPONDENTS DURING THE YEARS 2003 AND PREVIOUS IN 
PORT SUDAN TOWN, 2003. 
n=205 
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  Figure 23 showed that 78 cases (38.0%) of heat stroke and heat exhaustion known 
by the respondents occurred in the year 2003, 74 (36.1%) of them in the year 2002,38 
(18.5%) in the year 2001 and only  (15) 7.3% of them in the years previous to the 
year 2001. 
         FIGURE (24) KNOWLEDGE OF THE RESPONDENTS ABOUT THE 
CAUSES OF THE HEAT-ILLNESSES IN-PORT-SUDAN TOWN, 2003. 
n=395 
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Figure 24 shows the opinions of the respondents about the causes of the heat 
illnesses. Three quarters 74.4% referred the cause of illness to increased temperature, 
16.5% increased humidity, 47.3% exposure to direct sun ray, 35.7% lack of good 
ventilation and 23.8% other factors related to persons. 
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FIGURE (25) RESPONDENTS' AWARENESS ABOUT HIGH RISK 
GROUP IN PORT SUDAN TOWN, 2003 
n=395 
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 The high risk groups were identified by the respondents in Figure 25, in succession 
as those exposed to direct sun ray 64.6%, workers in hot environment 54.7%, elders 
42.8%, young children 31.1%, dehydrated persons 16.2%, those with chronic 
diseases 10.9%, alcohol drinkers 9.6%, un acclimatized persons 7.8%, those 
dependent on others 5.8%, exercising sport in hot whether were 3.8%, those with a 
past history of heat illnesses 3.3%, and persons lack sleep 2.5%. 
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  Table No. (15) Number mentioned by respondents of different categories 
of heat stroke high risk groups in Port Sudan town, 2003. 
n = 401 
 
Percent Frequency 
of 
respondent 
No. of categories 
mentioned  
0.2  1  Ten 
0.2  1  Nine 
0.5  2  Eight 
1.5  6  Seven 
2.2  9  Six 
5.7  23  Five  
11.5  46  Four 
22.9 92  Three 
27.4  110  Two 
18.5  74  One 
90.8  364  Total 
9.2  37  None 
100.0%  401  Total 
  
 9.2% of the respondents failed to mention any of the high risk groups to heat stroke 
.While the rest (90.8%) were mentioning at least one of the category of the risk 
groups .The majority (68.8%) mentioned only three categories .Those who succeeded 
to mention more categories were few, i.e.11.5% mentioned four, 5.7% mentioned 
five, 2.2% mentioned six and only 1.5% mentioned seven categories (Table 15). 
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FIGURE (26) FREQUENCY OF HIGH RISKY CO MORBID DISEASES 
PRECIPITATING HEAT ILLNESSES MENTIONED BY RESPONDENTS, 
2003. 
n=395 
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 Figure 26 shows series of risky health condition to heat stroke known by 
respondents. 26.0% of respondents identified  malaria as a risky health condition , 
24.8% identified diabetes mellitus, 24% hypertension, 17.7% dehydration,10.6% 
infectious diseases, 5.8% cardiovascular diseases, 5.5% typhoid fever, 5.0% 
psychiatric conditions, 2.28% neurological, 0.8% skin diseases, 0.2% 
hyperthyroidism and 3.8% mentioned other diseases. In general the percentage of 
respondent mentioned some of the high risk diseases were 57.9%. The numbers of 
high risky health conditions known was vary in between them. 225 (56.1%) of 
respondents succeeded to identify between one to four risky healthy conditions and 
only 1.0% mentioned five, 0.5% mentioned six and 0.2% mentioned seven conditions 
(Table 18, Figure 26). 
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        Table No. (16) The number of high risk groups known by respondents 
in Port-Sudan town, 2003 
n = 401 
Percent Frequency No. of high risk 
0.2  1  Seven 
0.5  2  Six 
1.0  4  Five 
4.7  19  Four 
12.7 51 Three 
19.2  77  Two 
19.5  78  One 
42.1  169 None 
100.0 401 Total 
  
 FIGURE (27) KNOWLEDGE OF THE DRUGS INDUCED HEAT 
STROKE, 2003. 
n=395 
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Only 13.2% of the respondents mentioned that they have some drugs that could 
enhance the risk of getting heat illnesses, but only 2.1% of the respondents could 
mentioned some of that risky medicines (Figure 27). 
FIGURE (28) KNOWLEDGE OF THE RESPONDENT ABOUT THE 
INTERFERENCE OF THE CLOTHES WITH HEAT DISSIPATION 2003. 
n=401 
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 Figure 28 shows the respondents awareness about the role of clothes in heat stress. 
95.8% of the respondents were quite aware of the effect of the different types of cloth 
in heat illnesses. 
The percentages of respondents' mentioned the housing conditions that could 
enhance the heat illnesses were: concrete housing 79.6%, residing on upper flour of 
the house 28.4% house surrounded by asphalt and tower 79.6%. On the other hand 
their  awareness about the factors which reducing the risk of the heat illnesses were: 
air conditioners in the house 87.3%,  houses with sustained supply of water and 
electricity90.0%, places surrounded by trees 86.3%,  and those made of wooden 
materials 84.3%. 89.3% of respondents believed that the supply of the houses with 
electric fan would reduce the susceptibility to heat illnesses in high temperature 
situation. (Annex 12) 
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FIGURE (29) KNOWLEDGE OF THE RESPONDENT ABOUT THE 
REVERSE EFFECT OF THE ELECTRIC FAN IN HOT HUMMED 
WEATHER, 2003. 
n=401 
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 40.1% of the respondents were aware that during high temperature and humid 
conditions the working fan would increase the risk of heat illnesses (Figure 29). 
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FIGURE (30) THE KNOWLEDGE OF THE RESPONDENT ABOUT THE 
EFFECT OF HIGH HUMIDITY ON HEAT STRESS, 2003. 
n=401 
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Figure 30 shows that, 58.4% of responded aware that the high humidity would 
increase the risk of heat illnesses, where as 35.6% believed it would decrease the risk 
of the disease and 6.0% didn't know the association. 
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FIGURE (31) KNOWING OF THE RESPONDENTS ABOUT THE 
POSSIBILITY OF GETTING HEAT ILLNESSES IN THE SHADE OR 
DURING NIGHT, 2003. 
n=401 
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Figure 31 illustrated that 21.9%of the respondent were not aware that there were a 
possibility to become a victim, while being away from sun rays, where as 73.3% 
were aware of that. Only 4.7% of the respondent did not know the association. 
 
3-6-1.The summary of the knowledge about heat illnesses: 
         There were statistical significant difference of the lack of the knowledge and 
detailed information of the respondents' regarding heat stroke and other heat illnesses 
(P=0.00). 
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       FIGURE (32) KNOWLEDGE THAT THE REDUCTION AND 
STOPPAGE OF THE SPORT ACTIVITY WILL DECREASE THE EFFECT 
OF HEAT STROKE, 2003. 
n=401 
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FIGURE (33) RESPONDENTS CONTINUING MEDICATION DURING 
SUMMER SEASON IN PORT SUDAN TOWN, 2003.  
n=66 
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Figures 32 shows, that 58.1% of the respondents believed that the limitation of 
exertional activities would help in minimizing the harmful effect of high temperature 
and 27.2% of them thought the opposite, where as 14.7% failed to respond. Only 
12.1% of the heat illness risky medicine users i.e. the sixty six respondents used to 
stop using these drugs during the summer period (Figure 33). 
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The individual behavior to protect against heat illnesses: 
        Table No. (17) Attitude of respondents during summer season- in Port 
Sudan town, 2003. 
n = 401 
Fitness color Thickness  Materials of clothes Total 
Cotton Nylon 
 
 
 
 
 
 
 
Loose 
fitting 
 
 
 
 
White 
 
Light 
count 366 1 367 
% 98.7% 3% 98.9% 
 
Thick 
count 3 0 3 
% 8% 0% 8% 
Don’t 
know 
count 1 0 1 
% 3% 0% 3% 
 
Total 
count 370 1 371 
% 99.7% 3% 100% 
 
Dark 
 
Light 
count 4  4 
% 100%  100% 
 
Total 
count 4  4 
% 100%  100%2 
 
Don’t 
know 
 
Light 
count 2  66.7% 
% 66.7%  1 
Don’t 
know 
count 1  33.3% 
% 33.3%  3 
 
Total 
count 3  100% 
% 100%  2 
 
 
 
Tight 
fitting 
 
White 
 
Light 
count 2  100% 
% 100%  2 
 
Total 
count 2  100% 
% 100%  1 
 
Dark 
 
Thick 
count  1 100% 
%  100% 1 
 
Total 
count  1 100% 
%  100% 2 
 
 
 
Don’t 
know 
 
White 
 
Light 
count 2  100% 
% 100%  2 
 
Total 
count 2  100% 
% 100%  1 
 
Dark 
 
Light 
count 1  100% 
% 100%  1 
 
Total 
count 1  100% 
% 100%  1 
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 The majority of the respondents (91.3%) prefer to dress in summer time light, white 
and loose fitting cotton (Table 17). 
        Table No. (18) Residents on the upper floor change to zero floor in 
Port Sudan town, 2003. 
n = 14 
Respond Frequency Valid percent 
yes 5 35.7 
No 9 64.3 
Total 14 100.0 
 
 Table 18 shows that 5(35.7%) out of the 14 households residing on upper floor, they 
changed their residents from upper floors to ground floor during summer seasons. 
        FIGURE (34) ATTITUDE OF RESPONDENTS TOWARDS HOT 
ENVIRONMENT IN PORT SUDAN TOWN, 2003. 
n=401 
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 The behaviors and the life style of the respondents during summer seasons are 
shown in (Figure 34) the following are the percentage of respondents with different 
patterns of behavior i.e. 28.2% of them wore appropriate cloths, 52.6%of them drink 
large quantities of fluids, only 3.2% increased the amount of the consumed coffee, 
few of them 4.2% reduced their exertional work and activities, while 17.5% kept the 
fan working all the day. On the other hand 38.7% were staying in cool and air 
condition places. 1.0% spent much time near sea coast and those who changed their 
resident to other more suitable were 3.2%. A considerable percentage (15.2%) used 
to travel out side Port Sudan during summer period. 43.9% were spraying the ground 
with much water. Relieving from work and stay at home were representing 2.5%. 
The percentage of those who used to avoid the crowdness was 12.2%. 18.7% argued 
other measures. 
        Table No. (19 ) Types of food consumed during summer period in 
Port Sudan town, 2003. 
n = 401 
 
Type of the food Frequency Percent 
High carbohydrates 24 5.9% 
Ordinary  food 93 23.2% 
High protein 271 67.5% 
No response 13 2.7% 
Total 401 100% 
 
 The insistently consumption of the different convenient type of food during the 
summer period is shown in table 21. 67.5% of respondents were consuming a protein 
rich food, 23.2% were continued ordinary food without any remarkable change. 
Those who used to changing into carbohydrate rich food were only 5.9%.where as 
2.7% failed to respond (Table19). 
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  Table No. (20) The high risk groups targeted by preventive summer care 
(less than 2 and above 65 years) of the family members in Port Sudan 
town, 2003. 
n = 285 
Percentage Number Preventive summer care 
57.2% 163 Yes 
42.8% 122 No 
100.0% 285 Total 
 
FIGURE (35) THE HOUSEHOLD GIVING PREVENTIVE CARE DURING 
THE SUMMER SEASON FOR THEIR RISK FAMILY MEMBERS IN 
PORT- SUDAN TOWN, 2003. 
n=401 
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The preventive measures and care targeting the family members of the respondents 
are explained in (Table 20, Figure 35). In the all investigated households there were 
2225 persons forming the families' members. 758 (34%) out of the whole families 
members were at risk to heat illnesses. 285 person (37.6%) were aged group risky 
individual i.e. under tow year 171 person and 114 person above 65 year old.163 
persons (57.2%) out of the age risky individuals  received preventive measures from 
their families.  
FIGURE (36) PERCENTAGE OF FAMILY MEMBERS OF THE SAMPLED 
HOUSEHOLD HAVING PREVENTIVE MEASURES DURING SUMMER IN 
PORT SUDAN, 2003  
n=758 
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   Totally Less than 12% having positive care   
 
The detailed preventive measures against heat stroke illness targeting vulnerable 
persons are shown in (Figure 36). The percentages of measures targeted to risky 
individuals were: 0.8 % received close observation, 1.8% consulted physician, 4.3% 
reduced activity, 8.5% traveled out side, 16.1% taking more fluid, 1.2% improved 
ventilation, 7.1% staying in a clod place, 1.3% mentioned other measures, but rather 
no measures concerning the risky medicines. 
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Table No. (21) Attitude towards reducing the danger of heat illnesses in 
Port Sudan Town, 2003.  
  
Positive attitude 
towards reducing the 
danger of H .illnesses 
Negative attitude towards 
reducing the danger of 
heat illnesses 
  
401 401 Cases 
3.02 7.07 Mean 
3 7 Mode 
1.151 1.469 Std. Deviation 
1213/4050=29.95% 2837/4050= 70.05% Percentages 
P. value = 0.000 
Table 21 shows the statistical test for the summation of house holds attitude 
concerning heat illnesses. Out of total 4050 proxy indicators for the attitude, there 
were 2837 negative response (70.05%), and the rest 1213 were the positive attitude 
(29.95%). This gave statistical significance difference in favor of the inadequate 
information, attitude and preventive measures among the respondents house holds. 
3-6-1.The first aid and resuscitation of the heat stroke victims: 
         Table No. (22) The nearest health centre by minute as estimated by 
respondents in Port Sudan town, 2003. 
n = 395 
Cumulative 
percent 
percent Frequency Age (in years) 
29.6 29.6 117 Less than 5 
31.4 1.8 7 5-9 
57.7 26.3 104 10-14 
88.1 30.4 120 15-29 
96.2 8.1 32 30-44 
97.2 1.0 4 45-59 
100.0 2.8 11 An hour or more 
 100.0 395 Total 
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Table 22 shows that, 88.1% of the health centers were located at a distance that can 
be reached within less than 30 minutes from the patient's house, 96.2% of the centre 
can be reached within less than 45 minutes and 97.2% of them within less than one 
hour. Although there were about 57.7% of the respondents could reach the nearest 
health centre within less than 15 minutes and 29.6% of them could reach the centre 
within ten minutes using reasonable means of transportation. 
FIGURE (37) SEEKING HEALTH SERVICES ATTITUDE OF 
HOUSEHOLD RESPONDENTS IN PORT SUDAN TOWN, 2003. 
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 Figure 37 demonstrates the health seeking behavior of the population. In general it 
appears that 81.5% of the respondents used the governmental health units, while 
16.05% of them preferred to use private clinics and only 2.2% and 0.2% of them go 
to traditional healers and be continent with home management respectively. 
        Table No. (23) Level of education in relation to the place where 
comatose patients were normally managed in Port Sudan, 2003. 
n = 385 
 
 
Level of 
education 
The place where comatose patients were normally managed  
 
Total
 
Home Health 
Centre 
Private 
Clinic 
Hospitals HSC Traditional 
healer 
Illiterate       
No 
% 
2 
.5% 
12 
3.1% 
0 
.0% 
21 
5.5% 
2 
.5% 
0 
.0% 
37 
9.6%
Khalwa       
No 
% 
0 
.0% 
17 
4.4% 
0 
.0% 
18 
4.7% 
7 
1.8% 
1 
.3% 
43 
11.2
% 
Primary       
No 
% 
5 
1.3% 
25 
6.5% 
1 
.3% 
53 
13.8% 
7 
1.8% 
1 
.3% 
92 
23.9
% 
Intermediate  
No 
% 
4 
1.0% 
16 
4.2% 
4 
1.0% 
22 
5.7% 
6 
1.6% 
0 
.0% 
52 
13.5
% 
Secondary     
No 
% 
9 
2.3% 
29 
7.5% 
4 
1.0% 
51 
13.2% 
21 
5.5% 
0 
.0% 
114 
29.6
% 
University     
No 
% 
3 
.8% 
11 
2.9% 
2 
.5% 
25 
6.5% 
5 
1.3% 
0 
.0% 
46 
11.9
% 
Post graduate 
No 
% 
0 
.0% 
0 
.0% 
0 
.0% 
0 
.0% 
1 
.3% 
0 
.0% 
1 
.3% 
Total         
No 
% 
23 
6.0% 
110 
28.6% 
11 
2.9% 
190 
49.4% 
49 
12.7
% 
2 
.5% 
385 
100.0
% 
 
P. value = 0.195 
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 Table 23 shows that the level of education between the respondents didn't play a 
significant role in determining the attitude towards the place where comatose patients 
normally treated. Since those managed the comatose patients at hospital were 49.4%, 
at heat stroke centers were 12.7%, at health centers 28.6%, only 2.9% dealt with 
private clinic, those who preferred traditional medicine were 0.5% and home 
management represented 6.0% of the sampled respondents. 
         Only 5.3% of the study population knew the telephone number of the casualty 
hospital however 66.1% of the respondents   were aware with the existence of the 
heat stroke management center. 
3-6-2.Knowledge of symptoms and signs of heat illnesses: 
        FIGURE (38) HEAT ILLNESSES SYMPTOMS AND SIGNS KNOWN 
BY THE RESPONDENTS IN PORT SUDAN TOWN, 2003. 
n=395 
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Symptoms of heat illnesses 
         
 The percentage of the respondents' knowledge about the different symptoms and 
signs of the serious heat illnesses are shown in (Figure 38). Nearly half (51%) of the 
respondents knew about coma and fainting, 39% headache, 38% fever, 25% dry skin, 
18% fatigability, 17% dizziness, 16% convulsion, 10% muscle cramps, 9% nausea 
and vomiting, 4% dyspnea and the other symptoms that known by less than 1.5%, 
were neck ache, heavy sweating, diarrhea, dehydration and thirsty. 
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3-6-3.The first aid for the heat stroke victims: 
Table No. (24) Respondents knowing the first aid of heatstroke in Port 
Sudan, 2003. 
n =395  
Percent Frequency Respond 
80.8  319  Know 
19.2  76  Don't know 
100.0  395 Total 
 
 Table 24 shows that, 80.8 % of respondents reported that they were adequately 
aware by the first aid needed for the heat stroke victims. 
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Table No. (25) Knowledge of the first aid to heat stork cases in Port Sudan, 
2003. 
n = 319 
Total No Yes Resuscitation methods 
319 163  156  Count  
To be removed to a cool place 100.00
% 
51.1%  48.9% %  
319 252  67  Count  
To un wear clothes 100.00
% 
79.0% 21.0% %  
319 96 223 Count  
To spray the case with tap water 100.00
% 
30.1% 69.9% %  
319 237 82 Count   
Given water to drink 100.00
% 
74.3% 25.7% %  
319 217  102  Count  
Fanning with an air current 100.00
% 
68.0%  32.0% %  
319 146 173 Count Immediate transfer to a health 
unit. 100.00
% 
45.8%  54.2%  %  
But their answers concerning the crucial procedure to rescue a heat stroke victim 
varied as follows: about seventy of them 69.9% mentioned spray with water, 54.2% 
said immediate transferring to the nearest health unit, 48.9% reported removing the 
cases to a cool place, and 25.7% fanning the victim and lastly 21% of them 
mentioned unwearing the cases (Table 25). Only 5.7% of the respondents mentioned 
first aid for heat stroke cases in form of applying icy water, cardiac message, face 
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down, giving sweaty fluid, giving salty fluid and spraying with perfumes and 
inhalation of onion. 
      Table No. (26) Respondents' opinion towards the effect of using ice for 
first aid for a heatstroke case in Port Sudan town, 2003. 
n = 395 
Percent FrequencyOpinion 
61.0%  241  Good effect  
17.5% 69 No effect 
13.4% 53 Bad effect 
8.1% 32 Don’t know 
100.0% 395 Total 
  
   There was only 13.2% of the all respondents were aware about the bad effect of 
using ice or icy water to cool down the heat stroke victims, where the opinions of the 
others varied between, good effect 60.1%, no effect 17.2% and those who ever 
hesitant to do anything were 8.0% (Table 26). 
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 Table No. (27) First aid undertaken for the cases of heat stroke seen by 
respondents in Port Sudan, 2003. 
n =160 
Total No Yes Resuscitation methods 
160  100 60  Count  
Removed to cool  place 100.0%  62.5% 37.5% %  
160  42 118 Count  
Spray him with cold 
water 
100.0%  26.3% 73.8% % 
  
160  134 26 Count  Drink cold water 
 100.0%  83.8% 16.3% %  
160  133 27 Count  
Pack with ice 100.0%  83.1% 16.9% %  
160  127 33  Count  
Pass current of air. 100.0%  79.4% 20.6% %  
The experience of the public with rescuing heat stroke victims is shown in (Table 
27). About 160 (39.95%) out of the 401 respondents were involved in cases that 
needed first aid. They reported the first aid that was done to the heat stroke as 
follows: 37.5% of the respondents removed the victim to cool place, 73.8% of them 
sprayed with cold water, 16.9% cover with ice, 16.3% gave cold water to drink, 
20.6% directed the current of air towards the patient, the rest (7.5%) less mentioned 
were sent the victim to hospital , heat stroke centre, applied cold sponge,  sprayed 
victim with tap water, applied artificial breathing and gave victim salty water. 
         The overall appropriate knowledge and attitude to rescue the heat stroke victim 
were statistically significant difference lacking among respondents (P=0.00). 
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3-6-4.The means of health education: 
         FIGURE (39) THE SOURCES OF INFORMATION ABOUT THE 
HEAT ILLNESSES IN PORT SUDAN TOWN, 2003. 
n=395 
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The sources of the information concerning the heat illnesses are shown in (Figure 
39).  According to the respondents' reports, the most common sources were relative, 
kinsfolk and friends 59.2%, state radio 44.01%, state television 16.7%, posters 6.3%, 
group discussion at homes 6.3%, national radio 6.1%, news papers 5.8% and hand 
out in addition to leaflets 3.3%. 
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 Table No. (28) Sources of the metrological information in Port Sudan 
town, 2003. 
n = 401 
 
Sources Frequency Percent 
Television 191 47.6% 
Television and Radio 41 10.2% 
Television and other people 4 1.0% 
Radio 73 18.2% 
Radio and other people 10 2.5% 
Newspaper 1 0.2% 
Others people 26 6.5% 
Not interested in 55 13.7% 
Total 401 100.0% 
 
 The result in Table 28 reveals that 13.7% of the respondents were not interested in 
metrological information and weather conditions. The rest of the respondents 
obtained the information from different sources. These were television 47.6%, 
television and radio 10.2%, television and direct contact with people 1%, the radio 
18.2%, radio and direct contact with people 2.5%, news papers 0.2% and from direct 
contact with people 6.5%. Television is considered as the most popular mean of 
getting metrological information. 
         Direct person to person contact was considered as one of the most effective 
mean of the health education; hence the health promotion department in Port Sudan 
trained many volunteers to disseminate health information to the community. Hence 
the responsible authorities could get benefit of that volunteer s in addition to their 
health education on rescuing and managing heat illnesses.  
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Table No. (29) Knowledge about volunteer health educators, their 
activities and distribution of heat illnesses education material in Port 
Sudan town, 2003. 
n= 401 
Percent Frequency The categories 
21.2%  85  Hearing about volunteer health 
educator
6.7% 27 Experienced heat educator visit
7.0% 28 Heat education session attendance
5.5% 22 Heat education materials for heat 
illnesses
As presented in Table 29, about one fifth (21.2%) of the respondents heard about the 
volunteer health educators and only 6.7% of them visited by the health educator. 
Then just 7.0% of the respondents attended a session on health education. The 
availability of any health education material was found in5.5% of the respondent 
houses. The material was in a form of books, leaflets and hand outs. 
         Series of tests were done to identify the effect of class of residency areas and 
education level on preferred means of health education, revealed that apart from 
television (P=0.035), no significant differences were obtained between the four 
residents classes and the different categories of education concerning the sources of 
health information (Annex 13). 
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 Table No. (30) The suggested means for health education in Port Sudan 
town, 2003. 
n = 401  
Percent Frequency Suggested means of H.E  
61.6%  247 State Radio 
34.4% 138 State TV 
9.0%  36 National Radio 
14.5% 58 National TV 
19.5% 78 Leaflets, booklets& handouts 
10.7% 43 Wall posters 
46.1% 185 Public talks sessions 
24.9% 100 House to house visit 
4.5% 18 Mobile microphone 
0.7% 03 Mosque 
0.5% 02  News papers 
0.2% 01 Labor union 
0.2% 01  Workshops 
 The opinions of the respondents' and their suggestions about the best means that 
would increase the population awareness and improve their health behaviors are 
shown in (Table 30).  The most suggested five means were state radio, public 
lectures, television, house to house and leaflet hand outs.  The percentage of the 
respondents for each of them was 61.6%, 46.1%, 34.4%, 24.9% and 19.5% 
respectively. The least percentages mentioned were national television 14.5%, wall 
posters 10.7%, national radio 9.0% and mobile microphones 4.5%. Only 1% of the 
study population mentioned mosque, news papers, labor unions and work shop. 
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 Table No. (31)The sufficiency of health education packages for heat stroke 
in Port Sudan town, 2003. 
n = 401 
Health education is 
insufficient 
 
Health education is sufficient 
 
401 401  Cases 
8.66 2.66 Mean 
9 2  Mode 
1.321 1.639  Std. Deviation 
3471/4538 = 76.5%  1067/4538 = 23.5% Percentages 
P = 0.001  
The adequacy of heath education package for heat illness is shown in Table 31, 1067 
(23.5%) out of 4538 proxy indices questions for heath education were supporting that 
the health education package was satisfactory. The rest 3471 (76.5%) proxy indices 
were in favor of the lacking of the health education package for the heat stroke 
disease. The difference was statistically significant, indicating the lacking of the 
health education package, regarding heat stroke and other illnesses (p=<0.001). 
The Population Suggested measures for prevention from HH: 
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Table No. (32) Suggested measures for reducing the negative effect of 
increased temperature in Port Sudan town, 2003. 
n =401 
Total No Yeas Opinions  
401  92 309  No.  
Regular supply of electricity 100.0%  22.9% 77.1% %  
401  79 322 No.  
Solve the problem of water supply 100.0% 19.7% 80.3% %  
401 374 27 No.  
Spray the road with water  100.0% 93.3% 6.7% %  
401 369 32 No.  
Supply the people with air condition & 
fan 100.0% 92.0% 8.0% %  
401 255 146 No.  
Increase the people awareness 100.0% 63.6% 36.4% %  
401 291 110 No. Establishing centers for management 
100.0% 72.6% 27.4% %  
401 323 78 No. Provision of ambulance 
 100.0% 80.5% 19.5% %  
401 280 121 No.  Provision free treatment for cases  
100.0% 69.8%  30.2% %  
Tables 32 shows a series of measures to encounter the heat illnesses .These measures 
were: regular supply of water 80.3% and electricity 77.1%, spray roads with water 
6.7%, help the people to attain electric fans and air conditioner 8.0%, increase people 
awareness 36.4%, establishing management centers in peripheral areas 27.4%, 
provision of well equipped ambulance 19.5%, provision free charged treatment to the 
heat stroke cases 30.2%.      Other suggestion was made by few respondents. These 
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suggested measures were provision of telephone to all the people, increase the health 
cadre, good planning, planting the town with trees, improve the public health and 
hygiene, closure of schools during summer, preventing the wander sellers and 
improvement of general economic status. 
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4­1. DISCUSSION: 
         4-1-1.Heat Stroke Cases: 
          Heat stroke is an old continuing health problem in Port Sudan town .There was 
registered cases since 1918 in death registration records. The subsequent years 
witnessed annual death registration. There is deficient morbidity documentation at 
Red Sea State and Federal level until the year 1998.Since then the state M.O.H gave 
more attention to the problem of registration at hospital and health center levels, and 
made considerable effort to deal with the problem. 
         Port Sudan is the only town in Sudan that witnessed annual cases of heat 
illnesses in an outbreak form. Never the less the medical history of Sudan 
documented the sole heat illness tragedy of Goda scheme farmers inside the prison of 
Kosti town, in the year 1956. 
         Port Sudan town characterized by certain features make it vulnerable to these 
health ill episodes. These are geographical, topographical, climatological, 
socioeconomical, and demographical characters, in addition to the urbanization 
feature of the town (63, 67, and 68. In addition to that the proved up going of the overall 
trend of Maximum temperature as had been proved (63). 
         The majority of these heat illnesses vulnerability factors, cannot be changed in 
the near future to mitigate against the heat illnesses dilemma, hence we are left with 
the adaptation to the situation. 
         Although the data were obtained from hospital records and death certificates a 
considerable number of cases within the community is expected to take place, but not 
registered. This was due to the limitation of the surveillance and registration of both 
morbidity and mortality within the community. 
         The high fatality rate of the disease, and the proportion of deaths out of the 
summer mortality in hospital, reflect both; load and health importance of heat stroke. 
For better evaluation this comparison should be performed with referral to daily 
hospital admission and average daily mortality rate for series of years. 
         The year 2002 witnessed the highest number of cases recorded and noticeable 
reduction in fatality rate. This may be associated with establishment of heat stroke 
treatment center, which was one of the recommendations, of heat stroke workshop, 
that was held in the same year at Port Sudan town. More attention and interest were 
given by the state government, which was reflected in the increase of awareness 
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among the public and professional cadres. Detecting, referring of the victim, 
registration and documentation of the heat stroke cases were improved. 
         The fatality rate of each year and that of the whole study period was 
significantly high with reference to the literature. Since was recorded more than 50% 
and up to 80% if no proper intervention was adopted. While the lowest rate that can 
be reached to, is below 10%, and even to neglectable rate, but never eliminated. This 
need proper preparedness and suitable interventions for  heat stroke outbreak,  like 
the experience of Saudi Arabia 1982–1983 and in Chicago summer 1999, where the 
mortality was reduced to the minimum rate of fatality (less than 10%), that with 
proper preparedness and intervention . This refers to some gap in Port Sudan that 
needs to be filled (5, 30, 31, 40 and 55). 
         The high proportion of male within heat stroke cases may be due to the 
exposure of men to direct sun in the out door environment in addition to strenuous 
work they perform. This is coincide with the literature, which recorded men twice 
women (11, 29).   
         The highest proportion of cases in age group 15–45 years was referring that, the 
vulnerability was due to another factors rather than the age factor. This indicates 
most propably exertional heat stroke, or rather associated with co morbidity. The 
second category i.e. above 60 and below 5 year old was in accordance with classical 
form. The lower percentage in the age group 5-14 years was not differing much from 
the literature. This feature is changeable in response to intervention (30,40 and 45). 
The exertional types of work characterize the   majority of the heat stroke cases. This 
was coinciding with the above age of the exertional. This simulates the feature in 
Chicago 1999 (11). The second higher category i.e. that confined to the home, most 
properly they were affected by general health status, debilitating disease, medicines 
and over all home setup. Those with sedentary work may be unacclimatized or had 
co-morbid diseases that increase their vulnerability to the heat illnesses. The small 
proportion of prisoners and psychiatric cases was reflecting the ignorance and 
negligence to both of them. Those are need specific interventions to prevent them 
from heat illness. The cases of direct sun exposure occupation were mainly 
wondering sellers, beggars i.e. of low socioeconomic class. Hence they are need 
specific plan intervention to deal with their situation. Where as those new comer and 
foreigners were less acclimatized to heat stress weather. The distribution of victim in 
different residential areas was in accordance with that of the population in the town. 
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The lowest percentage of cases from class one may reflect the effect of 
socioeconomic between classes. In general there is no difference in heat stroke 
diseases in between class of residency. 
         Almost half of the cases had missing the registration of co morbid diseases 
which reflect the shortage in training of health staff and awareness among them. The 
considerable proportion of the victims had co. morbid chronic debilitating diseases 
that need special care from their families and physician during heat stress to prevent 
them from heat problems.  The other part with acute febrile diseases enhances and 
can precipitate the heat stroke. 
         The awareness of the family will lead to early attendance and proper handling 
of risky group. Hence secure them from developing heat illnesses. This needs 
awareness of health cadres, community and family members by designing specific 
message to each group. The other half of the victims were free of co-morbid diseases. 
Those were either very young children or involved in a high exertional heat stress or 
those in direct sun rays exposure. The 
Indiscriminated distribution of the disease among class of residential areas needs to 
direct the intervention to whole population without exclusion of any class (5, 29, 31 and 
40). 
All conducted health effort and programs were targeting the prevention of 
specific deaths and cure the patients. It is difficult to eliminate the incidence of heat 
stroke. Hence the population awareness is a corner stone of the intervention program 
e.g. the experience in U.S.A, Makka and Port Sudan in the years 2002 and 2003, 
gave a reasonable reduction in fatality rate (table 5, figure 4). The lack between the 
different classes of [hai] may show the symmetry in the condition they exposed to. 
         The maximum temperature recorded was determinant factor affecting the 
number of heat stroke cases recorded. The highest maximum temperature level is 
fluctuating between July and August. The occurrence of the majority of heat stoke 
cases were associated with the level of the maximum temperature recorded in the 
same day. The occurrence of these high levels of the maximum temperature was not 
fixed in specific days in July and August, but changing in between the years. The 
effect of the other weather factors and lag maximum temperature was influenced by 
the level of the maximum temperature of the same day. Hence the detection of these 
few days of the maximum temperature needs early preparedness and forecasting of 
the metrological elements. 
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         The building up and accumulation of the heat stress on the population made the 
majority of cases happened during afternoon and evening time. The few cases in the 
morning were addressing the continuation of the effect of heat stress during the night.  
The absence of significance difference in between residential areas and occupation 
was reflecting that the all town affected with environmental conditions which may be 
due to urban heat trapping phenomena. 
         The sporadic cases occur outside the peak period of  cases, would be enhanced 
with other risk factors like exertion, comorbid diseases and older age during 
susceptible environment. 
         The significance upward deviation of the maximum temperature in summer and 
the higher rate between hot and the other season, will increase the vulnerability of 
people to heat stroke. Since the fluctuation of maximum temperature was important 
factor in determining the vulnerability to heat illness and heat related death (50). 
         The population needs to be reacclimatizing annually to hot season, which is an 
active process that need specific program for the whole population of Port Sudan 
town. But need specialized program for higher risk group if desire to reduce the 
effect of fluctuating temperature.  The humidity, wind speed and direction although 
significantly varied between season but in favor of the reduction of the heat stress 
during summer period.  Upwards trend of temperature in Port Sudan: with referral to 
figure (10a, 10b, 11 and 12). The upwards significant deviation of the mean 
maximum and dry temperature in the study period was coinciding with the global 
trend of temperature and feature of global warming and the previous findings in Port 
Sudan town. That will raise the question of the possibility of active adaptation among 
Port Sudan town population if warming continues (10, 51 and63) 
         It was clear that there was prominent correlation between the number of the 
heat stroke cases and the maximum temperature recorded in the same day. The range 
of the risky maximum temperature for Port Sudan was extending between 36.7°C-
48.3°C. I.e. the Port Sudan population was vulnerable to heat illnesses at this range 
of maximum temperature. The vulnerability increased with upwards deviation of the 
maximum temperature to reach the peak in the mode maximum temperature which 
was 45°C i.e. this was the commonest degree of maximum temperature the heat 
stroke cases occurred within. The threshold of maximum temperature was nearly at 
38.5°C, compared with 33.33°C in USA and in France was 32.2°C and that in Makka 
38°C up to 50°C (33, 50, and 51). 
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         The moderate correlation between heat stroke cases and the maximum 
temperature recorded on the same day and minimum effect of 1, 2 and 3 days lagged 
maximum temperature that explained only 12.4% of the phenomena. This is 
reflecting the complexity of the etiology of heat illness. The USA studies showed the 
accumulation of heat was affecting the population prominently 2-3 days after the 
start of the heat wave (11,49). The environmental temperature and other weather 
element play the major role in development of the heat stress all over the town. 
Where as the individual vulnerability would be determined according to other 
factors. These factors were home and institutes microenvironment, personal 
associated factors in addition to personal behavior and life style like desired 
dehydration and others. 
         The involvement of many factors in the occurrence of the heat stroke that 
guided by the maximum temperature allowed the formation of many mathematical 
models. This can estimate the number of heatstroke cases occurred in each day. 
These two models constructed can be used to assess the expected health effect of the 
forecasted weather variables, in order to take the appropriate precaution to minimize 
the danger of high heat stress condition in the town. This can be compared with 
model constructed in other parts of the world which take the daily heat related 
mortality and hospital admissions during heat wave (50). 
         Mortality is sensitive to temperature beside other factors in the town. This high 
correlation may be due to fluctuation of temperature in between seasons. Hence the 
population health affected mainly by relevant not the absolute temperature (50). 
         The population of Port Sudan was well adapted with 3°C base line band i.e. 
(20.45°C-23.45°C). This indicated by the minimum population mortality rate. The 
Port Sudan base line bands was less than that of Athena in the south of Europe and 
warmer than Nether land one (11, 49). 
         This variability reflects the ability of the people to adapt to a wide range of 
temperature. The people sensitivity to heat would decrease if they had been exposed 
to high temperature for long period of time. Hence the mortality would be expected 
to increase with global warming and then dropped after years due to adaptation. But 
an active adaptation is needed to be applied to minimize the increase in mortalities in 
the first years. 
   
133 
 
4-1-2.KAP of  Port Sudan population: 
         This part of the study was designed to know the responses of population to the 
health effect of the heat stress, and their preparedness to deal with this health 
dilemma. 
         The gender component of the sampled respondents reflected the features of the 
heads of households in the town, which is mainly dominated by male. 
         The highest part of the respondents' was from other part of the country. This 
was reflecting the internal migration for economical purposes. Indeed they were the 
real working energy in the town. 
         The level of education among the respondents was above that of the state and 
whole the country as expected. This explained by the demography of the population 
in the town in addition to the availability of educational institutes in the town. 
         The domination of the respondents jobs by the labor one, demonstrated the 
commonest occupations in the town performed by the population. That related to the 
sea port of the town. But some households were headed by house wives and student 
as the norm of the population. The responsibility of the population was considerably 
increased towards their family members to protect the high risk groups, which 
involved in more than fifty percent of the households, from the risk of the heatstroke. 
         The perception of the respondents to heat stress was against the real change in 
the environment, this may be due to the gradual adaptation in long period with this 
condition. In fact it is a subjective judgment. The danger of missing such change will 
make them neglecting the needed preventive measures, preparedness and care for 
vulnerable people. 
         The limitation of the health education program made considerable part of the 
population ignore the fatal feature of the heat stroke. 
         Although almost all the respondent were aware and heard about the heat stroke 
disease, less than that knew the other heat related illnesses. Since these diseases can 
give clue to susceptibility and progression to heat stroke. It seems that these diseases 
were not targeted by health education program in the state. This experience of large 
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cases known was coinciding with the state government attention in addition to recent 
memory effect.  In addition to that, it can give the respondents the impression of the 
possibility to cure the victim of heat stroke. There was clear variations between the 
respondents answer in their knowledge of the detailed important information of the 
heat stroke illnesses. 
         This knowledge proved to be below the required level which helps people to 
deal properly with the heat problems. This reflects the need for a more 
comprehensive program to raise the people awareness and improve their attitude and 
practice towards the heat illnesses. This means that the on going health education 
program is needed to be revised and updated to be illegible to deal with this special 
health problem. 
         The knowledge of the causes of the disease was varying. The increase 
knowledge of the cloth and effect of the environmental home may be due to 
accumulation of the experience of the population and the traditions of the 
community. The knowledge about the electric fans reflects one of the special 
scientific information need to be conveyed to the population. Since the population 
experiences the normal effect of fan but in certain specific situation the electric fan 
effect will reverse. Hence this specific situation the fan should not be used. 
         The knowledge and attitude of the respondents concerning the high risk groups 
and medicines was also coinciding with the ignorance of the detail information of the 
heat related disease. 
         The life style of the population, intended attitude and behavior during the 
summer period were varied among the respondents. In general the attitude of the 
respondents was not satisfactory to mitigate the heat health problem. The adequacy 
of the clothing attitude and practice still reflect the cultural adaptation (17,20). But 
missing the importance of drinking much fluid that lead to desired dehydration that 
increase the vulnerability of those high risk groups, especially elderly, young 
children and labors of strenuous work (4,7,and 10). The regular drinking of fluid is 
parametric preventive measure in hot environment (5, 11). 
         The preferred type of food was mostly not intended but due to the cultural 
traditions, availability and the socioeconomic status of the house hold. Where as the 
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preferable type of food during the hot environment should be carbohydrate, fluid and 
vitamins and minerals rich food (6). The attitude and behavior towards vulnerable 
people within families, was really need to be improved. This preventive care can be 
performed with simple costless measures e.g. close observation, drinking much fluid 
and stop risky medicine during summer, this referred to in table (20) and figure (35). 
The overall attitude was supporting the lack of adequate preventive measure that 
coincide with unsatisfied detailed knowledge. 
         Port Sudan town is one of the modern newly planned and constructed towns in 
Sudan. The distribution of the service was well organized in addition to that the 
nature of the town as sea port should provide reasonable services for both national 
and international visitors. Hence the health services were good distributed in the 
limited extension of the town. 
         The health seeking attitude was within positive one, towards modern services. 
This may be affected by the health insurance and cheap cost of governmental 
services, so the intervention can be easily delivered through these two popular 
channels. But there the small proportion of the population that dealing with 
traditional and home management need to be addressed in any program. Since the 
traditional healer and house wives can developed to be an early point for first aid and 
orientation. Because the traditional seeking behavior was not related to the distance, 
but to other factors, like: believes and socioeconomic ones. 
         The knowledge of heat treatment centre was known by two third of the 
respondents which gave clue for the place of treatment. Since the safety of the 
victims is relay mainly on early arrival to the centre. The disoriented part of the 
community should be informed of both the centre and emergency services of the 
hospital to get benefit of these opportunities. 
         Knowledge of symptoms and signs of heat illness by the population would play 
an important role in early detecting, rescuing and early transportation of the victims 
to health units. Less than half of respondent were aware of these symptoms and 
signs. This made the population reaction is not the right one, which will endanger the 
patient life. 
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         The proper first aids and rescuing measures was unsatisfactory.  The first aid 
practice need special training and can be strengthened with buddy volunteer and well 
trained health personnel at community level. The ignorance of the bad effect of the 
using ice or icy fluid by a large portion of the population which may give adverse 
effect is due to old practice in modern medicine (65). 
         The overall lacking and unsatisfactory knowledge, attitude and the practice to 
rescue the heat stroke victims would definitely affect the outcome which cannot be 
improved without well planned and organized programs. 
         The population at Port Sudan prefers direct person to person contact to perceive 
the information, especially from the friends and relatives. This reflects the culture of 
the population in exchanging information and trusting the source of the knowledge. It 
proved to be effective methods, like peer education and combi. 
         The state radio represents a trusted source may be due to the earlier continuous 
media in the state that deal with the local population issue. The lack of interest in 
metrological information may be due to ignorance of the effect and the way to get 
benefit of this information. In addition to the nature and the type of information 
forecasted to the population. 
         The volunteer health educators that distributed all over the town were not 
effectively involved in prevention and control of heat stroke; hence they represent an 
opportunity to benefit of them in raising the awareness and rescuing the victims. 
Moreover there was no enough health education material, which can be a cheap 
source to convey information and initiation of discussion between targeted people. 
         The preference of the state media by the population to convey the health 
information reflected the ability of the forecast media to attract the people in the 
town. 
         The provision of regular and satisfactory supplies of both water and electricity, 
since they contribute positively to the micro environment of house or other institutes, 
were agreed upon by the respondents. Surely this will contribute in mitigating the 
effect of heat stress on the population. Hence the water and electrolyte supply was a 
prolonged dilemma and challenging the concerned authorities. The response to the 
population recommendations and suggestions will contribute in satisfying the 
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population needs. All these recommendations were proved to be effective 
interventional measures. These increases the need to raise the population awareness 
of the convenience measures with their full participation in selecting and applying 
them. 
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4­2. CONCLUSION: 
1. Heat Stroke and other heat-related disorders were an old health problem at 
Port Sudan town, which is expected to continue in the future. 
2. Both morbidity and mortality registrations were in complete .but this 
secondary data provided valuable information, when had been analyzed. 
3. The attention and interest of the concerned authorities, concerning heat 
related health problems was under expectation, at  national and state level 
4. The applied measures to mitigate heat- related health problem at Port Sudan 
was not simulating the international comprehensive multi sectoral 
participation, with community involvement. 
5. The warming trend of Port Sudan weather was on going with the global 
feature of the weather. 
6. In the short term, active adaptation will be the convenient measure to deal 
with heat problem at Port Sudan town. But with real interest and strong 
political support. 
7. The heat stroke disease   contributed considerably to the load of hospital 
admission and mortality (one fifth) during the days of heat stress, in summer 
season. 
8. The year 2002witnessed the highest records of heat stroke morbidity and 
mortality 
9. The heat stroke surveillance system lacks the community based records. 
10. Both features of classical and exertional heatstroke were observed among the 
cases of Port Sudan town. 
11. The elders, middle aged, children, those with debilitating, febrile and co-
morbid illnesses, in addition to laborers, and sun exposure people were at 
more risk to heat stroke. 
12. Class three residency areas were containing the highest proportion of cases 
while class ones had the least one. 
13. The low socio-economical status and inappropriate housing condition 
increase vulnerability to heat stroke. 
14. Case fatality rate of the heat stroke can be minimized to neglect able rate, 
with comprehensive community based control program. 
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15. The outbreak of the heat stroke was occurred within fortnight days in July and 
August. This occurred in accordance with high records of maximum 
Temperature. 
16. The majority of heat stroke cases recorded in the afternoon and early in 
evening. 
17. There was a strong association between the heat stroke cases, and unlagged 
maximum temperature, but less with lagged temperature and other weather 
elements. 
18. The weather elements significantly fluctuated between seasons. The 
fluctuation enhances vulnerability to heat stroke in summer season, mainly by 
high maximum temperature and low wind speed. 
19. The estimated risky range of the maximum temperature was between 36.7oC 
48.3˚C, while the seriousness would start at 39.5˚C and the mode of 
heatstroke cases was recorded at 45˚C, in Port Sudan town. 
20. Tow mathematical model were developed to estimate the number of the daily 
heat stroke cases. 
? Model 1: Expected daily HS cases = 4.59+ 0.081 * un lagged maximum 
temperature (t.) + 0.056 *lagged MAX (t1) +0.22* lagged maximum 
temperature (t2) + 0.032* lagged MAX (t3). 
? Mode 2: Expected daily HS cases = 1.816+ 0.07 maximum temperature – 
0.006 RH- .02 wind speed. 
21. The crude mortality of population was significantly increased in summer 
period and changed by 41.7% due to change in temperature. 
22. The base line temperature range was 20.45ºC-23.45ºC i.e. the most 
convenient temperature for the population. While the most inconvenient one, 
of the highest mortality was 37.65ºC–40.65ºC, in Port Sudan town. 
23. The estimated annual heat related mortality was 305/million population. 
While eleven was the cold related mortality. 
The population KAP towards heat stroke: 
24. Only about ten percent of the sampled population was illiterate. 
25. About half of the household containing at least one person of the high risky 
age group. 
26. The majority of the population was missing the warming trend of the 
environment. 
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27. The importance of the HS disease in summer season, and its serious fatal but 
curable nature was reasonably perceived by the population. 
28. The population detailed knowledge about heatstroke was inadequate. 
29. The awareness about the adverse effect of the electric fan during the hot 
humidified weather was lacking. But the effect of the different types of the 
cloths on the heat stress was well oriented. 
30. The micro environment of the houses was inadequate, to prevent from the 
heatstroke. Where as the population reasonably oriented by the adverse 
effects of the poor housing conditions with regard to the heat stroke. 
31. The population behavior and practice to prevent against heatstroke was 
inadequate, concerning drinking attitude, avoidance of dehydration, dietary 
habits, and caring of the vulnerable persons in the family. 
32. The availability of the health facilities was adequate in the town. 
33. The Port Sudan population had positive health seeking behavior. But poorly 
oriented by health emergency units. 
34. The population knowledge attitude and practice towards the rescue measures 
to heat stroke victim were not satisfactory, particularly the usage of the ice in 
the 1st aids. 
35. The Port Sudan populations preferred the direct person to person contact in 
addition to state broad cast media as means of the health education, where as 
the TV was preferred for metrological news. 
36. There was deficiency in the availability of the heatstroke educational 
materials at the level of household. 
37. The over all packages of the educational means were inadequate to deal with 
heat stroke. 
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4­3. RECOMMENDATIONS: 
To red sea state: 
1. The state MOH should develop in coordination with the metrological 
department a Heat Heath Watching and Warning System for Port Sudan town, 
using the risky weather elements ranges indicators and the models determined in 
this study. 
2. Development of community based and intersectoral pre heat episodes 
emergency interventional plan, covering; preventive, curative, and rehabilitations 
needs, in the town. Which include: 
• Provision of air conditioned public places. 
• Securing the optimum air temperature for the in patient ward in the 
hospitals and for the other high risk groups. 
• Emergency out reach health units. 
• Capacity building of the HSTC. 
• Public health education instructions. 
• Reduction of the work load and activity during high temperature. 
• Better public service facilities during the heat episodes. 
3. Design intermediate term interventional plan to adapt with expected 
increases in the heat stress in the town, that targeting the following issues: 
• Equipping the houses with air conditioners and weather assessment 
instruments. 
• Securing regular feasible supply of water and electricity. 
• Design good ventilated buildings with usage of heat isolated material in 
construction of the buildings. 
• Promotion of occupation conditions, to be more convenient with heat 
stress. 
• Insure the application of the heat heath regulations at any sport activities 
in the town, in co-ordination with different sport unions. 
• Designing special training and conditioning programs for the high risk 
groups to heat illnesses. 
• Regular assessment of the over all weather trend in the town, with 
comparison with previous means on daily, weekly,    monthly, decadently, 
and 30 yearly ranges. 
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4. To secure the people living and working micro-environmental temperature 
within the range of "20.65˚C-23.45˚C", while avoiding the range of "37.65˚-
40.65˚c". 
5. Design specialized heath promotion programs for the high risk groups like, 
those with chronic debilitating diseases, cardiovascular, psychiatric illnesses and 
prisoners. 
6. Increase the awareness of the high risk groups through specified heath 
education messages essentially targeting the following: 
• Elders. 
• With co-morbid illness. 
• Children. 
• New comers to the town. 
• Sedentary type works peoples. 
• Direct sun exposure peoples. 
7. Start the preparation annually, early in the month of May, and assess late till 
September with gradual raising till reach the peak attention in July and August of 
each year. 
8. Raising the attention of emergency units during the episode of high 
temperature in the after noon and the evening times. 
9. Strengthening the design of the existing heat related morbidity and 
mortalities surveillance system, by adding the community dimension to the 
system. 
10. Development of the heat stroke community-based outreach promotional 
program. With usage of the following approaches: 
• Community leaders. 
• Heads of house holds. 
• Social and sport clubs and unions. 
• Committee of the services in the state popular legislation council. 
11. The means of educations will be:  Direct contact means. 
• State TV and radio. 
• Leaflets and handouts materials. 
With special considerations to: 
• Illiterate peoples. 
• Home staying peoples. 
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The program will cover the flowing issues: 
• Warming trends of the town. 
• The adversary heath effect of the warming. 
• Means of adaptation and conditioning towards warming environment. 
• The fatality nature and the seriousness of the heatstroke. 
• The causes and precipitating factors of the heat illnesses. 
• Drugs- induced and precipitating heatstroke. 
• Diseases and people vulnerable to heatstroke and heat stress. 
• The adverse health effect of the electrical fan. 
• Adverse effect of the use of ice in treatment of heatstroke victims. 
• Drinking attitude and avoidance of dehydration. 
• The home care to vulnerable peoples. 
• Dietary customs in the summer period. 
• The steps of rescuing the heatstroke victims in the field. And the available 
emergency facilities. 
Recommended Researches Are: 
12. Assessment of the overall existing control and management setup for heat 
stroke dilemma at Port Sudan, with referral to international experiences. 
13. Verification of the associated risk factors for heat stroke at Port Sudan from 
this study, using analytical design. 
14. There is a need for the assessment of the homes, work places and family 
care situation for the high risk groups. 
15. Assessment of the heat related morbidity and mortality at different parts of 
the country, to realize the health load of the heat stress on the population. 
16. Assessment of the knowledge and experiences of the heath cadre in dealing 
with heat related illnesses. 
Recommendation to Federal M.O.H: 
17. To direct more attention and interest to the heat related heath problems, by: 
a. Establishment of a section to take the responsibility of the heat issue at federal 
and state levels. 
b. Strengthening the surveillance of the heat related morbidity and mortality in 
the Sudan. 
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18. Strengthening the capacity of the Heat Stroke Treatment Centre at Port Sudan to 
work as research center and to be linked with international and national related 
expatriates and institutes. 
19. Direct more attention to the applications of the heath criteria in building, housing 
and occupation institutes. 
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4­5. Annexes: 
ANNEX NO. (1) CORRELATION COEFFICIENTS BETWEEN WEATHER 
FACTORS AT PORT SUDAN DURING THE PERIOD 1998-2003. 
 
 
 
Wind Speed 
 
 
Rain Fall 
 
 
 
Relative 
Humidity 
 
-0.77* -0.18 -0.84* Mean Dry 
Temperature 
-0.70* 0.60*  Relative Humidity 
0.19   Rain Fall 
a. * the correlations is statistically significant at 0.01 level. 
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ANNEX NO. (2) MAXIMUM DAILY TEMPERATURE WITH REGISTERED 
HEAT STROKE CASES FOR THE PERIOD 1998-2003. 
 
Tem. 
HS cases 
registered Percent 
Cumulative 
Percent 
 
Temperature 
HS cases 
registered Percent 
Cumulative 
Percent 
36.7 1 0.14% 0.14% 44 40 5.73% 33.52% 
38 1 0.14% 0.29% 44.1 11 1.58% 35.10% 
38.3 3 0.43% 0.72% 44.2 8 1.15% 36.25% 
38.5 2 0.29% 1.00% 44.3 3 0.43% 36.68% 
39 3 0.43% 1.43% 44.4 11 1.58% 38.25% 
39.2 1 0.14% 1.58% 44.5 45 6.45% 44.70% 
39.5 1 0.14% 1.72% 44.6 30 4.30% 49.00% 
39.8 1 0.14% 1.86% 44.7 8 1.15% 50.14% 
40 24 3.44% 5.30% 44.8 20 2.87% 53.01% 
40.2 3 0.43% 5.73% 45 32 4.58% 57.59% 
40.5 6 0.86% 6.59% 45.2 12 1.72% 59.31% 
40.6 3 0.43% 7.02% 45.3 3 0.43% 59.74% 
40.7 1 0.14% 7.16% 45.4 22 3.15% 62.89% 
40.8 3 0.43% 7.59% 45.5 48 6.88% 69.77% 
41 22 3.15% 10.74% 45.54 1 0.14% 69.91% 
41.2 4 0.57% 11.32% 45.6 6 0.86% 70.77% 
41.3 1 0.14% 11.46% 45.7 7 1.00% 71.78% 
41.4 2 0.29% 11.75% 45.73 1 0.14% 71.92% 
41.5 5 0.72% 12.46% 45.8 15 2.15% 74.07% 
41.6 7 1.00% 13.47% 46 25 3.58% 77.65% 
41.7 2 0.29% 13.75% 46.2 8 1.15% 78.80% 
41.8 5 0.72% 14.47% 46.3 6 0.86% 79.66% 
42 6 0.86% 15.33% 46.5 26 3.72% 83.38% 
42.1 1 0.14% 15.47% 46.7 21 3.01% 86.39% 
42.2 1 0.14% 15.62% 46.8 16 2.29% 88.68% 
42.3 1 0.14% 15.76% 47 42 6.02% 94.70% 
42.5 5 0.72% 16.48% 47.2 14 2.01% 96.70% 
42.6 5 0.72% 17.19% 47.3 11 1.58% 98.28% 
42.7 3 0.43% 17.62% 47.5 4 0.57% 98.85% 
42.8 1 0.14% 17.77% 48.3 8 1.15% 100.00% 
43 19 2.72% 20.49% Total 698 100.00%  
43.2 6 0.86% 21.35% 
 
43.3 13 1.86% 23.21% 
43.4 3 0.43% 23.64% 
43.5 13 1.86% 25.50% 
43.6 9 1.29% 26.79% 
43.7 1 0.14% 26.93% 
43.8 3 0.43% 27.36% 
43.9 3 0.43% 27.79% 
 
The shaded values were the lowest extreme of the maximum temperature during the 
summer seasons. 
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ANNEX NO. (3)NUMBER OF DAYS OF RISKY MAXIMUM 
TEMPERATURE AT PORT SUDAN TOWN 1989-2003. 
 
 
 
 
 
 
Temperature Days Temperatures Days Temperature Days 
36.7 14 40.3 8 43.9 2 
36.8 6 40.4 12 44 21 
37 16 40.5 21 44.1 4 
37.1 3 40.6 11 44.2 12 
37.2 11 40.7 11 44.3 5 
37.3 4 40.8 8 44.4 10 
37.4 14 40.9 1 44.5 17 
37.5 22 41 30 44.6 16 
37.6 5 41.2 12 44.7 5 
37.7 6 41.3 1 44.8 8 
37.8 12 41.4 8 45 17 
37.9 1 41.5 11 45.1 1 
38 21 41.6 6 45.2 9 
38.2 16 41.7 6 45.3 5 
38.3 1 41.8 8 45.4 8 
38.4 11 42 20 45.5 28 
38.5 16 42.1 1 45.6 5 
38.6 6 42.2 9 45.7 3 
38.7 11 42.3 4 45.8 5 
38.8 5 42.4 7 46 14 
38.9 1 42.5 12 46.2 3 
39 30 42.6 6 46.3 3 
39.1 1 42.7 7 46.4 1 
39.2 16 42.8 5 46.5 5 
39.3 7 42.9 2 46.7 4 
39.4 5 43 16 46.8 1 
39.5 20 43.2 7 47 6 
39.6 5 43.3 6 47.2 4 
39.7 10 43.4 2 47.3 1 
39.8 10 43.5 17 47.5 1 
39.9 2 43.6 14 47.8 1 
40 32 43.7 3 48.3 2 
40.2 20 43.8 8 Total 887 
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ANNEX NO. (4) TABLE (A): CORRELATIONS BETWEEN DAILY 
HEAT STROKE CASES AND THE UNLAGGED AND 1, 2 AND 3 DAYS 
LAGGED TEMPERATURE (1998-2003)-PORT SUDAN 
LAGS 
(MAX,3) 
LAGS 
(MAX,2) 
LAGS 
(MAX,1) 
Maximum 
temperature 
 
Person 
correlations. 
 
Cases of 
heat stroke 
registered. 
0.206 0.276 0.326 0.334 
0.002 0.000 0.000 0.000 Sig.(2-tailed) 
213 213 213 213 N 
 
 
Table (b): Regression analysis for maximum temperature and heat stroke 
cases (1998-2003) Port Sudan town. 
 
Standard error of 
the estimate 
Adjusted R 
squire 
 
R-squire 
 
R 
1.344 1.23 0.124 0.353 a 
a- predictors: (constant), LGAS (MAX,3), (Maximum Temperature, LGAS 
(MAX,1) and LGAS (MAX,2)). 
 
Table (c): ANOVA 
Significance F Mean 
squire 
Df Sum of 
squires 
 
0.000 74.113 133.907 4 535.630 Regression 
_ _ 1.807 2087 3770.789 Residual 
_ _ _ 1.807 4306.419 Total 
 
Table (d):  Coefficients 
Correlation 
 
 
 
Significance 
 
 
t 
Un standardized 
coefficient 
 
 
Partial 
Standard 
error 
B 
_ 0.000 -15.055 .175 -2.641 Constant 
 
0.039 
 
0.074 
 
 
1.786 
 
.017 
 
.030 
Maximum 
temperature 
0.021 0.327 0.980 .020 .020 
 
LAGS (MAXI) 
0.023 0.224 1.217 .020 .025 LAGS (MAX2) 
0.012 0.573 0.563 .017 .009 LAGS (MAX3) 
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ANNEX NO. (5) TABLE (A): REGRESSION ANALYSIS FOR DAILY 
HEAT STROKE CASES AND MAXIMUM TEMPERATURE FOR THE YEAR 
2002. 
 
Standard error of 
the estimate 
Adjusted R 
squire 
 
R-squire 
 
R 
1.427 .251 0.259 0.509 a 
 
a- predictors: (constant), (maximum temperature), (LAGS MAX, 3), (LAGS 
MAX, 2), (LAGS MAX, 1). 
 
 
Table (b): ANOVA 
 
Significance F Mean 
squire 
Df Sum of 
squires 
 
0.000 31.468 64.050 4 256.199 Regression 
_ _ 2.035 360 732.749 Residual 
_ _ _ 364 988.948 Total 
 
 
Table (c): Coefficients 
 
Correlation 
 
 
 
Significance 
 
 
 
t 
Un standardized 
coefficient 
 
 
Partial 
Standard 
error 
B 
_ 0.000 -9.826 .468 -4.594 Constant 
 
.100 
 
0.058 
 
 
1.905 
 
.043 
 
0.081 
Maximum 
temperature 
.055  
0.295 
 
1.050 
 
.054 
0.0056 
 
LAGS (MAXI) 
0.021- 0.687 -0.404 .054 -.022 LAGS (MAX2) 
0.040 0.449 0.758 .043 0.032 LAGS (MAX3) 
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ANNEX NO. (6) THE 3˚C BANDS WITH DAYS, MORTALITY AND 
AVERAGE MORTALITY FREQUENCY. 
Mean daily 
mortality.  
No. of 
deaths.  
No. of days 
within bands. 
Range of 
temperature 
bands.  
Mean 
daily 
mortality.
No. of 
deaths. 
No. of days 
within 
bands. 
Range of 
temperature 
bands.  
1.72 112 65 28.95_31.95 2.44 22 9 18.15_21.15 
1.72 122 71 29.05_32.05 2.33 21 9 18.25_21.25  
1.71 123 72 29.15_32.15 2.20 22 10 18.35_21.35 
1.71 120 70 29.25_32.25 2.20 22 10 18.45_21.45 
1.74 127 73 29.35_32.35 2.09 23 11 18.55_21.55 
1.78 130 73 29.45_32.45 2.09 23 11 18.65_21.65 
1.75 128 73 29.55_32.55 2.08 27 13 18.75_21.75 
1.72 124 72 29.65_32.65 2.14 30 14 18.85_21.85 
1.69 125 74 29.75_32.75 2.00 30 15 18.95_21.95 
1.69 120 71 29.85_32.85 1.95 37 19 19.05_22.05 
1.71 116 68 29.95_32.95 1.95 37 19 19.15_22.15 
1.69 113 67 30.05_33.05 1.88 45 24 19.25_22.25 
1.67 117 70 30.15_33.15 1.88 47 25 19.35_22.35 
1.62 118 73 30.25_33.25 1.80 45 25 19.45_22.45 
1.59 118 74 30.35_33.35 1.82 51 28 19.55_22.55 
1.59 121 76 30.45_33.45 1.71 53 31 19.65_22.65 
1.62 123 76 30.55_33.55 1.61 53 33 19.75_22.75 
1.62 123 76 30.65_33.65 1.51 56 37 19.85_22.85 
1.56 114 73 30.75_33.75 1.50 57 38 19.95_22.95 
1.58 104 66 30.85_33.85 1.52 64 42 20.05_23.05 
1.57 107 68 30.95_33.95 1.56 70 45 20.15_23.15 
1.58 104 66 31.05_34.05 1.51 71 47 20.25_23.25 
1.61 108 67 31.15_34.15 1.47 69 47 20.35_23.35 
1.62 110 68 31.25_34.25 1.37 63 46 20.45_23.45 
1.65 107 65 31.35_34.35 1.56 78 50 20.55_23.55 
1.66 108 65 31.45_34.45 1.59 86 54 20.65_23.65 
1.72 112 65 31.55_34.55 1.61 90 56 20.75_23.75 
1.75 117 67 31.65_34.65 1.61 90 56 20.85_23.85 
1.82 124 68 31.75_34.75 1.61 92 57 20.95_23.95 
1.79 118 66 31.85_34.85 1.64 100 61 21.05_24.05 
1.79 118 66 31.95_34.95 1.61 98 61 21.15_24.15 
1.78 107 60 32.05_35.05 1.59 100 63 21.25_24.25 
1.75 105 60 32.15_35.15 1.58 98 62 21.35_24.35 
1.77 110 62 32.25_35.25 1.58 98 62 21.45_24.45 
1.73 104 60 32.35_35.35 1.59 97 61 21.55_24.55 
1.75 98 56 32.45_35.45 1.59 102 64 21.65_24.65 
1.76 97 55 32.55_35.55 1.61 106 66 21.75_24.75 
1.78 96 54 32.65_35.65 1.58 103 65 21.85_24.85 
1.83 97 53 32.75_35.75 1.60 104 65 21.95_24.95 
1.87 99 53 32.85_35.85 1.56 103 66 22.05_25.05 
1.85 102 55 32.95_35.95 1.55 101 65 22.15_25.15 
1.85 100 54 33.05_36.05 1.54 97 63 22.25_25.25 
1.87 99 53 33.15_36.15 1.52 96 63 22.35_25.35 
1.92 98 51 33.25_36.25 1.49 97 65 22.45_25.45 
1.94 97 50 33.35_36.35 1.46 99 68 22.55_25.55 
2.00 96 48 33.45_36.45 1.49 101 68 22.65_25.65 
2.13 102 48 33.55_36.55 1.52 105 69 22.75_25.75 
2.15 101 47 33.65_36.65 1.60 109 68 22.85_25.85 
2.16 106 49 33.75_36.75 1.62 107 66 22.95_25.95 
2.18 109 50 33.85_36.85 1.62 112 69 23.05_26.05 
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2.18 109 50 33.95_36.95 1.62 107 66 23.15_26.15 
2.24 103 46 34.05_37.05 1.60 107 67 23.25_26.25 
2.16 95 44 34.15_37.15 1.66 111 67 23.35_26.35 
2.05 90 44 34.25_37.25 1.72 119 69 23.45_26.45 
2.05 86 42 34.35_37.35 1.62 107 66 23.55_26.55 
2.02 83 41 34.45_37.45 1.58 103 65 23.65_26.65 
1.92 73 38 34.55_37.55 1.59 105 66 23.75_26.75 
1.85 74 40 34.65_37.65 1.53 104 68 23.85_26.85 
1.87 73 39 34.75_37.75 1.50 102 68 23.95_26.95 
1.78 66 37 34.85_37.85 1.52 102 67 24.05_27.05 
1.81 65 36 34.95_37.95 1.51 98 65 24.15_27.15 
1.87 73 39 35.05_38.05 1.53 107 70 24.25_27.25 
1.94 68 35 35.15_38.15 1.56 111 71 24.35_27.35 
1.89 68 36 35.25_38.25 1.56 112 72 24.45_27.45 
1.83 64 35 35.35_38.35 1.52 117 77 24.55_27.55 
1.78 64 36 35.45_38.45 1.51 113 75 24.65_27.65 
1.80 63 35 35.55_38.55 1.53 121 79 24.75_27.75 
1.82 62 34 35.65_38.65 1.49 116 78 24.85_27.85 
1.82 60 33 35.75_38.75 1.48 117 79 24.95_27.95 
1.74 54 31 35.85_38.85 1.53 119 78 25.05_28.05 
1.77 53 30 35.95_38.95 1.50 120 80 25.15_28.15 
1.79 52 29 36.05_39.05 1.46 123 84 25.25_28.25 
1.93 58 30 36.15_39.15 1.51 125 83 25.35_28.35 
1.93 58 30 36.25_39.25 1.53 122 80 25.45_28.45 
1.83 53 29 36.35_39.35 1.59 124 78 25.55_28.55 
1.89 51 27 36.45_39.45 1.57 121 77 25.65_28.65 
1.72 43 25 36.55_39.55 1.62 131 81 25.75_28.75 
1.72 43 25 36.65_39.65 1.62 128 79 25.85_28.85 
1.81 47 26 36.75_39.75 1.60 123 77 25.95_28.95 
1.83 44 24 36.85_39.85 1.60 117 73 26.05_29.05 
1.82 40 22 36.95_39.95 1.61 119 74 26.15_29.15 
1.80 36 20 37.05_40.05 1.60 120 75 26.25_29.25 
1.80 36 20 37.15_40.15 1.62 120 74 26.35_29.35 
1.90 38 20 37.25_40.25 1.59 116 73 26.45_29.45 
2.27 34 15 37.35_40.35 1.49 106 71 26.55_29.55 
2.27 34 15 37.45_40.45 1.52 108 71 26.65_29.65 
2.27 34 15 37.55_40.55 1.56 112 72 26.75_29.75 
2.54 33 13 37.65_40.65 1.55 113 73 26.85_29.85 
2.50 35 14 37.75_40.75 1.61 116 72 26.95_29.95 
2.38 31 13 37.85_40.85 1.59 118 74 27.05_30.05 
2.38 31 13 37.95_40.95 1.64 121 74 27.15_30.15 
2.09 23 11 38.05_41.05 1.64 118 72 27.25_30.25 
1.92 23 12 38.15_41.15 1.64 110 67 27.35_30.35 
       1.65 104 63 27.45_30.45 
       1.64 100 61 27.55_30.55 
       1.67 102 61 27.65_30.65 
       1.69 115 68 27.75_30.75 
       1.69 110 65 27.85_30.85 
       1.72 112 65 27.95_30.95 
       1.69 113 67 28.05_31.05 
       1.74 120 69 28.15_31.15 
       1.75 131 75 28.25_31.25 
       1.76 123 70 28.35_31.35 
       1.76 123 70 28.45_31.45 
       1.78 121 68 28.55_31.55 
       1.77 117 66 28.65_31.65 
       1.74 118 68 28.75_31.75 
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       1.72 112 65 28.85_31.85 
ANNEX NO. (7) DISTRIBUTION OF RESPONDENTS ACCORDING TO 
YEARS SPENT IN EDUCATION IN PORT SUDAN TOWN, 2003. 
 
Cumulative 
percent 
Percent Frequency Education years 
11.0 11.0 44 0 
15.0 4.0 16 Less than2 
32.7 17.7 71 2_4 
51.9 19.2 77 5_8 
63.6 11.7 47 9_11 
100.0 36.4 146 12 or more 
 100.0 401 Total 
 
 
ANNEX NO. (8) DISTRIBUTION OF PORT SUDAN TOWN 
RESPONDENTS ACCORDING TO DAILY AND MONTHLY INCOME IN 
SUDANESE BOUND, 2003. 
 
Monthly income Daily income 
Percentage of 
respondents 
Range of incomePercentage of 
respondents 
Range of income 
1.9% <51.000- 0.8% <1700 
10.8% 51.000- 4.1% 1700- 
13.9% 105.000- 13.4% 3500- 
41.4% 150.000- 20.9% 10.000- 
12.4% 300.000- 11.1% 15.000- 
12.7% 450.000- 3.6% 20.000- 
6.5% 500.000- 1.3% 30.000- 
0.3% 1000.000- 1.3% 50.000- 
0.3% > or =2000.000- 1.3% > or= 100.000- 
P-value in relation to class of residence = 0.00. 
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ANNEX NO. (9) PRESENCE OF HEALTH CONDITIONS ENHANCING 
HEALTH RELATED ILLNESSES, 2003. 
 
 
% of 2225 (Total) 
 
% Within 
 
Frequency
 
 
Health Condition 
1.9 25.1 43 Hypertension 
1.7 22.2 38 Acute infection 
1.4 18.1 31 Malaria 
1.2 15.8 27 Diabetes Mellitus 
0.4 4.7 08 Hypertension and 
Diabetes Mellitus. 
0.3 
 
3.5 06 Neurological illnesses 
0.2 2.9 05 Hyperthyroidism 
0.2 2.3 04 Cardiovascular diseases 
0.2 2.3 04 Psychiatric diseases 
0.1 1.8 03 Obesity 
0.1 1.2 02 Extensive Skin Diseases 
7.7 100 17 Total 
 
 
 
ANNEX NO. (10) THE HOUSEHOLDS' MEMBER IN USE OF DRUGS OR 
AGENT THAT ENHANCED HEAT RELATED ILLNESSES, 2003. 
% out of 2225 
 
Frequency Name of Drugs 
0.04 1 Amphetamine 
0.6 13 Anticholinergic 
0.4 9 Antihistamine 
0.04 1 Antiparkinsonism 
0.9 20 Beta Blockers 
0.49 11 Calcium Channel Blockers 
0.04 1 Lazix 
0.08 2 MAOI 
0.18 4 Phenothiazine 
0.04 1 Salicylate 
0.08 2 Tricyclic Antidepressant 
0.04 1 Alcohol 
3 66 Total 
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ANNEX NO. (11) FREQUENCY OF THE DISEASED PERSONS KNOWN 
PER EACH HOUSEHOLD RESPONDENTS, 2003. 
 
Cumulative 
percent 
Valid 
percent 
Percent Frequency ?
?
56.8% 
?
56.8% 
?
30.2% 
?
121?
 
1 
 
 
 
 
 
Valid 
 
 
 
 
 
77.9% 21.1% 11.2% 45?2?
87.8% 9.9% 5.2% 21?3 
91.5% 3.8% 2.0% 8?4 
94.4% 2.8% 1.5% 6?5 
95.3% 0.9% 0.5% 2?6 
97.7% 2.3%?1.2% 5 7 
99.1% 1.4% 0.7%?3?10 
99.5% 0.5% 0.2% 1 12 
100.0% 0.5% 0.2% 1 13 
 100.0% 53.1%?213?Total 
  46.0% 188?NAP Missing 
  100.0%?401?Total 
 
 
Descriptive Statistics of the Number of Diseased Persons 
 
213 Valid Cases 
188 Inapplicable Cases 
2.06 Mean 
1 Mode 
 
1.939 
 
Standard Deviation 
12 Range 
1 Minimum 
13 Maximum 
438 Sum 
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ANNEX NO. (12) OPINIONS OF RESPONDENTS TOWARDS DIFFERENT 
HOUSING ENVIRONMENT SETTING, 2003. 
 
Total  
DK 
  
 Decrease the 
risk 
Increase the 
risk 
401 25 57 319 No.  
Stones and Cement 
100.0% 6.2% 14.2% 79.6% % 
401 14 346 41 No.  
Surrounding by 
Trees 100.0% 3.5% 86.3% 10.2% % 
401 32 255 114 No.  
Living In The 
Upper Floor Of 
Buildings 
100.0% 8.0% 63.3% 28.4% % 
401 9 350 42 No.  
House With Air 
Conditioning 100.0% 2.2% 87.3% 10.5% % 
401 22 60 319 No.  
House 
Surrounding By 
Asphalt And 
Towers 
100.0% 5.5% 15.0% 79.6% % 
401 10 338 53 No.  
House Made Of 
Wood 100.0% 2.5% 84.3% 13.2% % 
401 8 361 32 No.  
House supplied 
With Water And 
Electricity 
100.0% 2.0% 90.0% 8.0% % 
401 21 358 22 No.  
House With Fans 
100.0% 5.2% 89.3% 5.5% % 
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ANNEX NO. (13 A) CHI SQUIRE TEST FOR HEALTH EDUCATION 
MEANS IN RELATION TO THE CLASS OF HAI, 2003. 
 
 
Total 
Source of information  
Class of the Hai No Yeas 
27 17 10 No.  
 
Class one 6.8% 4.3% 25% % 
15 15 0 No.  
Class tow 
3.8% 3.8% 0% % 
317 268 49 No.  
Class three 
80.3% 67.8% 12.4% % 
36 28 8 No.  
Class four 
9.1% 7.1% 2.0% % 
395 328 67 No.  
Total 
100.0% 83.0% 17.0% % 
P = 0.007 
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ANNEX NO. (13B) PUBLIC LECTURES AS SOURCES OF INFORMATION 
IN RELATION TO THE CLASS OF HAI, 2003. 
 
 
Total 
Source of information  
Class of the Hai No Yeas 
27 26 1 No.  
 
Class one 6.8% 6.6% 3% % 
15 14 1 No.  
Class tow 
3.8% 3.5% 3% % 
317 310 7 No.  
Class three 
80.3% 78.5% 1.8% % 
36 32 4 No.  
Class four 
9.1% 8.1% 1.0% % 
395 382 13 No.  
Total 
100.0% 96.7% 3.3% % 
P = 0.048 
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ANNEX NO. (13C) GROUP DISCUSSION AT HAI AS A SOURCE OF 
INFORMATION IN RELATION TO THE CLASS OF HAI, 2003. 
 
 
 
Total 
Source of information  
Class of the Hai No Yeas 
27 22 5 No.  
Class one 
6.8% 5.6% 1.3% % 
15 14 1 No.  
Class tow 
3.8% 3.5% 0.3% % 
317 301 16 No.  
Class three 
80.3% 76.2% 4.1% % 
36 33 3 No.  
Class four 
9.1% 8.4% 0.8% % 
395 370 25 No.  
Total 
100.0% 93.7% 6.3% % 
P = 0.035 
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ANNEX NO. (14) ANNUAL REGISTRATION OF HEAT STROKE 
MORTALITY CASES SINCE THE YEAR 1918 UP TO 2002 IN PORT SUDAN 
TOWN, 2003. 
Years
2002
2000
1998
1995
1992
1988
1985
1982
1975
1973
1965
1958
1941
1933
1920
1918
C
as
es
60
50
40
30
20
10
0
-10
Mortalities
Trend
 
Source: cbs_ Red Sea. 
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ANNEX NO. (15) THE CORRELATION BETWEEN HS CASES AND 
MAXIMUM TEMPERATURE IN PORT SUDAN TOWN 1998-2003. 
CASE
TEMP
5048464442403836
30
20
10
0
-10
Observed
Linear
Logarithmic
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ANNEX NO. (16) CORRELATION & ANONA ANALYSIS OF HEAT 
STROKE CASES & WEATHER VARIABLES IN PORT SUDAN TOWN 2003. 
1 -.701** .387** .349**
. .000 .000 .000
2191 2190 2159 2191
-.701** 1 -.331** -.275**
.000 . .000 .000
2190 2190 2159 2190
.387** -.331** 1 .102**
.000 .000 . .000
2159 2159 2159 2159
.349** -.275** .102** 1
.000 .000 .000 .
2191 2190 2159 2191
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
TEMP
HR
SPEED
CASE
TEMP HR SPEED CASE
Correlation is significant at the 0.01 level (2-tailed).**. 
 
 
Regression-b- 
Model Summary
.353a .125 .124 1.351
Model
1
R R Square
Adjusted
R Square
Std. Error of
the Estimate
Predictors: (Constant), SPEED, HR, TEMPa. 
 
ANOVAb
560.664 3 186.888 102.417 .000a
3932.379 2155 1.825
4493.043 2158
Regression
Residual
Total
Model
1
Sum of
Squares df Mean Square F Sig.
Predictors: (Constant), SPEED, HR, TEMPa. 
Dependent Variable: CASEb. 
 
Coefficientsa
-1.816 .351 -5.173 .000
.075 .007 .318 10.924 .000
-.006 .003 -.067 -2.354 .019
-.020 .010 -.043 -1.982 .048
(Constant)
TEMP
HR
SPEED
Model
1
B Std. Error
Unstandardized
Coefficients
Beta
Standardized
Coefficients
t Sig.
Dependent Variable: CASEa. 
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ANNEX NO. (17) THE HEAT INDEX CHART OF APPARENT 
TEMPERATURE, 2003. 
Heat Index Chart
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ANNEX NO (18) THE MAP OF PORT SUDAN TOWN 
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ANNEX NO (19) MAKKA BODY COOLING UNIT 
 
 
 
 
